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8 (57) Abstract: Heterocyclic amides of formula (1 X f « ^° h l and C.alkyl; A is pheny.ene or 

£ SVC(R^-, R 6 and R 7 are ^^^JT'^ mZ iano, hydroxy, carboxy; R> is hyd^gen hyd ro xy or 
^ he eroarvlene; n is 0, 1 or 2; R 1 is selected from for example naio i iu , jr j £ onMy substituted by I or 2 R 

£ 25* k selected from for example ^^g^tFiS^^^' ** "T^ ? "* 

^ groups); R 8 is selected from for example hydroxy, ^OCOOR • ^ y substimted by 1 or2 R»); R 13 is selected from hydn>xy, 
f> l»L ' elected from for example hydrogen hydroxy f^^^TL-^^. possess glycogen phosphoryh.se 
O halo, tnhalomethyl and C^koxy or a ^f^^^S^^'^ with inCreaSed g,yC ° g<in 
2 ^^^^ZT^\T^T^ derivatives and ph—ca, compositions — g them 

1^ are described. 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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HETEROCYCLIC AMIDE DERIVATIVES AS INHIBITORS OF GLYCOGEN PHOS PHORYLAS E 

The present invention relates to heterocyclic amide derivatives, pharmaceutical^ 
acceptable salts and in vivo hydrolysable esters thereof. These heterocyclic amides possess 

5 glycogen phosphorylase inhibitory activity and accordingly have value in the treatment of 
disease states associated with increased glycogen phosphorylase activity and thus are 
potentially useful in methods of treatment of a warm-blooded animal such as man. The 
invention also relates to processes for the manufacture of said heterocyclic amide derivatives, 
to pharmaceutical compositions containing them and to their use in the manufacture of 

10 medicaments to inhibit glycogen phosphorylase activity in a warm-blooded animal such as 



man. 



The liver is the major organ regulating glycaemia in the post-absorptive state. 
Additionally, although having a smaller role in the contribution to post-prandial blood glucose 
levels, the response of the liver to exogenous sources of plasma glucose is key to an ability to 

15 maintain euglycaemia. An increased hepatic glucose output (HGO) is considered to play an 
important role in maintaining the elevated fasting plasma glucose (FPG) levels seen in type 2 
diabetics; particularly those with a FPG >140mg/dl (7.8mM). (Weyer et al, (1999), J Clin 
Invest 104: 787-794; Clore & Blackgard (1994), Diabetes 43: 256-262; De Fronzo, R. A., et 
al, (1992) Diabetes Care 15; 318 - 355; Reaven, G.M. (1995) Diabetologia 38; 3-13). 

20 Since current oral, anti-diabetic therapies fail to bring FPG levels to within the normal, 

non-diabetic range and since raised FPG (and glycHbAlc) levels are risk factors for both 
macro- (Charles, MA. et al (1996) Lancet 348, 1657-1658; Coutinho, M. et al (1999) 
Diabetes Care 22; 233-240; Shaw, J.E. et al (2000) Diabetes Care 23, 34-39) and 
micro-vascular disease (DCCT Research Group (1993) New. Eng. J. Med. 329; 977-986); the 

25 reduction and normalisation of elevated FPG levels remains a treatment goal in type 2 DM. 
It has been estimated that, after an overnight fast, 74% of HGO was derived from 
glycogenosis with the remainder derived from gluconeogenic precursors (Hellerstein et al 
(1997) Am J Physiol, 272: E163). Glycogen phosphorylase is a key enzyme in the generation 
by glycogenosis of glucose-l-phosphate, and hence glucose in liver and also in other tissues 

30 such as muscle and neuronal tissue. 

Liver glycogen phosphorylase a activity is elevated in diabetic animal models 
including the db/db mouse and the fa/fa rat (Alston S et al (2000). Diabetalogia 43, 589-597). 
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Inhibition of hepatic glycogen phosphorylase with chloroindole inhibitors (CP91149 
and CP320626) has been shown to reduce both glucagon stimulated glycogenoses and 

(1998) PNAS 95, 1776-81). Additionally, plasma glucose concentration is reduced, in a dose 
5 related manner, db/db and ob/ob mice following treatment with these compounds. 

Studies in conscious dogs with glucagon challenge in the absence and presence of 
another glycogen phosphorylase inhibitor, Bay K 3401, also show the potential utihty of such 
agents where there is elevated circulating levels of glucagon, as in both Type 1 and Type 2 
diabetes. In the presence of Bay R 3401, hepatic glucose output and arterial plasma glucose 
10 fouowingaglucagonch^ 
273: E868). 

The heterocyclic amides of the present invention possess glycogen phosphorylase 
inhibitory activity and accordingly axe expected to be of use in the treatment of type 2 
diabetes, insulin resistance, syndrome X, hyperinsulinaemia, hyperglucagonaemta, carchac 
15 ischaemia and obesity, particularly type 2 diabetes. 

According to one aspect of the present invention there is provided a compound of 

formula (1): 




20 



(1) 



wherein: 

is a single or double bond; 
XisNorCH; 

R 4 and R 5 together are either -S-C(R 6 )=C(R 7 )- or ^C(R 7 )=C(R 6 )-S- ; 
25 R 6 and R 7 are independently selected from hydrogen, halo, nitro, cyano, hydroxy, 
fluoromethyl, difluoromethyl, trifluoromethyl, trifluoromethoxy, carboxy, carbamoyl, 
C^alkyl, Cwalkenyl, C 2 -4alkynyl, C,-4alkoxy and CMalkanoyl; 
A is phenylene or heteroarylene; 
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n is 0, 1 or 2; , 
R.isind.pendBnttyseleCedftomh^^.c^o.hydroxy.oaAoxy caAamoy., 

N ^ 1 c^^WC 1 ^a* m o» 1 ,^yl,«.^^^^- 

(** b is or2) ' CwaUcy1 ' CM *f' Q " 

5 ,*yny>, C^oxy. OuM On—*-* «— W 

difluoromMhyl, triflooromMhyl and trifloommethoxy; 

OT „ hennis 2. te ™o R '^up S , t og«herwi«h Ul eca ft o„.« ra n S ofA.o which <hay« 

auchsd, may form a 4 to 7 membemd ring, option*]!, conuinmg 1 or 2 hematoma 
mde^denuyac^tmmO.SandN.andophonallybciogsub^byonoor^o 

10 methyl groups; 

R 2 is hydrogen, hydroxy or carboxy; 

' (optionaUy substituted with 1 or 2 hydroxy groups), cyano^alkyl, aryl, heterocyclyl, C, 

4 alkyl (optionaUy substituted by 1 or 2 R 8 groups), and 
15 groups of the formulae B and B': 

- {C "\ OH 

0 ^(OH) y 
O 

(B) 

whereinyisOorl,tisO, l,2or3 anduis 1 or2; provided that thehydroxy group is nota 
substituent on the ring carbon adjacent to the ring oxygen; 

R'isfcdependendys^ 
5- and 6-membered cyclic acetals and mono- and di-methyl derivatives thereof, aryl, 
heterocyclyl, C 3 ,cycloalKyl, C^alkanoyl, C, 4 alkoxy, C„aKylS(Oy (wherein b is 0, 1 or 
2),C 3 ,cycloalkylS(0) b - (wherein b is 0, 1 or 2), arylS(OV (wherein b is 0, 1 or 2), 
he terocyclylS(0) b - (wherein b is 0, 1 or 2), benzylS(0) b - (wherein b is 0, 1 or 2), 

25 -N(OH)CHO, -C(=N-OH)NH 2 , 

-C(=N-OH)NHCi-4alkyl, ^N-OHJN^alkyl), -C(=N-OH) N HC3. 6 cycloalkyl, 

0 H)N(C 3 . 6 cycloalky^ 

^NHSO^aW^^ JN - d 
-COOR 9 ; 




u OH 



20 
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R» and R 10 are independently selected from hydrogen, hydroxy, C^alkyl (optionally 
substituted by 1 or 2 R 13 ), C^cycloalkyl (optionally substituted by 1 or 2 hydroxy groups ), 
cyano(CM)alkyl, trihalo^alkyl, aryl, heterocyclyl and heterocyclyl(CMalkyl); or 
R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 6- 
5 m emberedringwheremermgisoptionaUy S ubstitutedoncarbonbylor2sub S tituents 

independently selected from oxo, hydroxy, carboxy, halo, nitro, cyano, carbonyl, 
C^alkoxy and heterocyclyl; or the ring may be optionally substituted on two adjacent carbons 
by -0-CH 2 -0- to form a cyclic acetal wherein one or both of the hydrogens of the -0-CH 2 -0- 
group may be replaced by a methyl; 
10 R 13 is selected from hydroxy, halo, trihalomethyl and C^alkoxy; 

R 11 is independently selected from hydrogen, C M alkyl and hydroxyCMalkyl; 
or a pharmaceutically acceptable salt or pro-drug thereof; 
with the proviso that the compound of formula (1) is not: 

i) ' 2 ,3-dicWoro-5-[AK2-oxo^ 
15 fc]pyrrole; 

ii) 2 -cmoro-5-[Ar-(2-oxo^^ 
Z?]pyrrole; or 

iii) 2-cWoro-5-[iV-(l-memyl-2-oxo-l,2,3,4-tetrahydroquinoW 
thieno[2,3-&]pyrrole. 

20 

In another aspect is provided a compound of the formula (1): 
wherein: 

is a single or double bond; 
XisNorCH; 

25 R 4 and R 5 together are either -S-C(R 6 )=C(R 7 )- or -C(R 7 )=C(R 6 )-S- ; 

wherein R 6 and R 7 are independently selected from hydrogen, halo, nitro, cyano, hydroxy, 
fluoromethyl, difluoromethyl, trifluoromethyl, trifluoromethoxy, amino, carboxy, carbamoyl, 
mercapto, sulfamoyl, ureido, CMalkyl, C^alkenyl, C^alkynyl, C^alkoxy, C^alkanoyl, C 
6 a]kanoyloxy, ^-(C^alkyl)amino, WC^alkyl) 2 amino, C^alkanoylarnino, JV-(Q. 

30 6 alkyl)carbamoyl, iV^-(C^alkyl) 2 carbamoyl, C^alkylS(0) a wherein a is 0 to 2, C 
6 alkoxycarbonyl, Q^alkoxycarbonylamino, iHQ-eallcy^sulphamoyl, WKG- 
6 alkyl) 2 sulphamoyl, C^alkylsulphonylamino and C^ 6 alkylsulphonyl-N-(Cl.6alkyl)amino; 
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wherein: 

A is phenylene or heteroarylene; 
n is 0, 1 or 2; 

wherein R 1 is independently selected from hydrogen, halo, nitro, cyano, hydroxy, amino, 
5 carboxy, carbamoyl, N-C M alkylcarbamoyl, Ar^V-(Ci-4alkyl) 2 carbamoyl, sulphamoyl, N-Cu 

4alkylsulphamoyl, iV^V-(Ci^alkyl)2Sulphamoyl, sulfino, sulfo, Cwalkyl, C^alkenyl, C 2 . 

4 alkynyl, CMalkoxy, Ci^alkanoyl, CMalkanoyloxy, N-(CMalkyl)amino, 

AWCMaU<yl) 2 amino, hydroxyCMalkyl, fluoromethyl, difluoromethyl, trifluoromethyl, 

trifluoromethoxy, C w alkoxy and 
10 R 1 is of the formula A' or A": 

-(Cry, 

° V H ><l (OH) x 

0 (A) -CH 2 CH(OH)(CH 2 ) u C0 2 H (A") 

wherein x is 0 or 1, r is 0, 1, 2 or 3 and s is 1 or 2; provided that the hydroxy group is not a 

substituent on the ring carbon adjacent to the ring oxygen; 

R 2 is hydrogen, hydroxy or carboxy; 
15 R 3 is selected from hydrogen, hydroxy, Ci^alkanoyl, carbamoyl, C w alkyl (optionally 

substituted by 1 or 2 hydroxy groups provided that when there are 2 hydroxy groups they are 

not substituents on the same carbon), C 5 . 7 cycloalkyl (optionally substituted with 1 or 2 

hydroxy groups provided that when there are 2 hydroxy groups they are not substituents on the 

same carbon), cyano(C M )alkyl, 4-butanolidyl, 5-pentanolidyl, tetrahydrothiopyranyl, 1- 
20 oxotetrahydrothiopyranyl , 1,1-dioxotetrahydrothiopyranyl, 

C^aUcyl [substituted by 1 or 2 R 8 groups (provided that when there are 2 R 8 groups they are 

not substituents on the same carbon)] and 

groups of the formulae B and B ' : 

wherein y is 0 or 1, t is 0, 1, 2 or 3 and u is 1 or 2; provided that the hydroxy group is not a 
25 substituent on the ring carbon adjacent to the ring oxygen); 

{wherein R 8 is independently selected from hydroxy, CMalkoxyC w alkoxy, 
hydroxyC w alkoxy, 2,2-dimethyl-l,3-dioxolan-4-yl, heterocyclyl, C^alkanoyl, 

C w alkoxy, C M alkanesulfinyl, Ci. 4 alkanesuIfonyl, -N(OH)CHO, -COCOOR 9 , 
(R 9 )(R ,0 )NCO-, (RWsOr, -COCH 2 OR n , (R 9 )(R 10 )N- and -COOR 9 ; 
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[wherein R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl 

(optionally substituted by 1 or 2 hydroxy groups provided that when there are 2 hydroxy 

groups they are not substituents on the same carbon), C 5 . 7 cycloalkyl (optionally substituted by 

1 or 2 hydroxy groups provided that when there are 2 hydroxy groups they are not substituents 
5 on the same carbon), cyano(C M )alkyl, 4-butanolidyl, 5-pentanolidyl, tetrahydrothiopyranyl , 

1-oxotetrahydrothiopyranyl , 1,1-dioxotetrahydrothiopyranyl , 

2,2-dimethyl-l,3-dioxolan-4-yl and C w alkyl substituted by R 13 ; 

(wherein R 13 is selected from hydroxy, Ci^alkoxy, heterocyclyl, CMalkanoyl, 

C M alkanesulfinyl, C M alkanesulfonyl, -N(OH)CHO, (R n )(R 12 )NCO-, (R n )(R 12 )NS0 2 -, 
10 -COCH 2 OR u , (R n )(R 12 )N- 

{ wherein R 11 and R 12 are independently selected from hydrogen, C^aHcyl, Ci^alkoxy, 

hydroxyCi^alkyl, C M alkylS(0)b (wherein b is 0, 1 or 2)}); and 

R 9 and R 10 can together with the nitrogen to which they are attached form 4- to 6- 

membered ring where the ring is optionally substituted on carbon by 1 or 2 substituents 
15 selected from oxo, hydroxy, carboxy, halo, nitro, nitroso, cyano, isocyano, amino, N- 

C M alkylamino, ^-(Ci^alkylamino, carbonyl, sulfo, C w alkoxy, heterocyclyl, 

C M alkanoyl, C^alkanesulfinyl, C w alkanesulfonyl, -N(OH)CHO, (R n )(R 12 )NCO-, 

(R n )(R 12 )NS0 2 -, -COCH 2 OR u 5 (R ll )(R l2 )N-; 

wherein R 11 and R 12 are as defined above]}; 
20 provided that when R 1 is of the formula A' or A" then R 3 does not contain a group of the 

formula B or B' and when R 3 is of the formula B or B' then R 1 does not contain a group of the 

formula A' or A"; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 
with the proviso that the compound of formula (1) is not: 
25 iv) 2,3-dichloro-54AT-(2-oxo-l,2,3,4-tete^ 
fe]pyrrole; 

v) 2^Woro-5-[N-(2-oxo4,2,3,4-tetrahydroqmnol-3-yl)carbamoyl]-6H4hieno[2,3- 
fe]pyrrole; or 

vi) 2-chloro-5-[iV-(l-memyl-2-oxo-l,2,3,44e1rahydroqiunol-3-yl)carbamoyl]-6/f- 
30 thieno[2,3-6]pyrrole. 
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It is to be understood that when A is heteroarylene, the bridgehead atoms joining ring 
A to the piperidinone ring may be heteroatoms. Therefore, for example, the definition of 




O R3 

when A is heteroarylene encompasses the structures 
R 2 ^/ (Rl)n 



O R3 



O. 

R 2 

< _> v ' 




(R 1 )n 



O N R 3 




It is to be understood that, where optional substitution on alkyl or cycloalkyl groups in 
R 3 R 9 andR 10 (as defined hereinbefore or hereinafter) allows two hydroxy substituents on 
the alkyl or cycloalkyl group, or one hydroxy substituent and a second substituent linked 
by a heteroatom (for example alkoxy), then these two substituents are not substituents on 
10 the same carbon atom of the alkyl or cycloalkyl group. 

In another aspect, the invention relates to compounds of formula (1) as hereinabove 
defined or to a pharmaceutically acceptable salt. 

In another aspect, the invention relates to compounds of formula (1) as hereinabove 
defined or to a pro-drug thereof. Suitable examples of pro-drugs of compounds of formula (1) 
15 arein-vivohydrolysableestersofcompoundsofformula(l). Therefore in another aspect, the 
invention relates to compounds of formula (1) as hereinabove defined or to an in-vivo 

hydrolysable ester thereof. 

It is to be understood that, insofar as certain of the compounds of formula (1) defined 
above may exist in optically active or racemic forms by virtue of one or more asymmetric 

20 carbon atoms, the invention includes in its definition any such optically active or racemic 
form which possesses glycogen phosphorylase inhibition activity. The synthesis of optically 
active forms may be carried out by standard techniques of organic chemistry well known in 
the art, for example by synthesis from optically active starting materials or by resolution of a 
racemic form. Similarly, the above-mentioned activity may be evaluated using the standard 

25 laboratory techniques referred to hereinafter. 
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Within the present invention it is to be understood that a compound of the formula (1) 
orasalt thereof may exhibit the phenomenon of tautomerism and that the formulae drawings 
within this specification can represent only one of the possible tautomeric forms. It is to be 
understood that the invention encompasses any tautomeric form which has glycogen 

5 phosphorylase inhibition activity and is not to be limited merely to any one tautomenc form 
utilised within the formulae drawings. The formulae drawings within this specificahon can 
represent only one of the possible tautomeric forms and it is to be understood that the 
specification encompasses all possible tautomeric forms of the compounds drawn not just 
those forms which it has been possible to show graphically herein. 

10 It is also to be understood that certain compounds of the formula (1) and salts thereof 

can exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It xs to 
be understood that the invention encompasses all such solvated forms which have glycogen 

phosphorylase inhibition activity. 

It is also to be understood that certain compounds of the formula (1) may exhibit 
15 polymorphism, and that the invention encompasses all such forms which possess glycogen 
phosphorylase inhibition activity. 

The present invention relates to the compounds of formula (1) as hereinbefore 
defined as well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
phannaceutically acceptable salts, but other salts may be useful in the production of the 
20 compound of fomula(l)and^ Phannaceutically 
acceptable salts of the invention may, for example, include acid addition salts of the 
compounds of formula (1) as hereinbefore defined which are sufficiently basic to form such 
salts Such acid addition salts include for example salts with inorganic or organic acids 
affording pharmaceutical* acceptable anions such as with hydrogen halides (especially 
25 hydrochloric or hydrobromic acid of which hydrochloric acid is particularly preferred) or wrth 
sulphuric or phosphoric acid, or with trifluoroacetic, citric or maleic acid. Suitable salts 
include hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates, 
alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, fumarates, 
succinates, lactates and tartrates. In addition where the compounds of formula (1) are 
30 sufficiently acidic, phannaceutically acceptable salts may be formed with an inorganic or 
organic base which affords a pharmaceutical* acceptable cation. Such salts with inorgamc or 
organic bases include for example an alkali metal salt, such as a sodium or potassium salt, an 
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alkaline earth metal salt such as a calcium or magnesium salt, an ammonium salt or for 
example a salt with methylamine, dimethylamine, trimethylamine, piperidine, morpholine or 

tris-(2-hydroxyethyl)amine. 

The compounds of the invention may be administered in the form of a pro-drug which 

5 is broken down in the human or animal body to give a compound of the invention. A prodrug 
may be used to alter or improve the physical and/or pharmacokinetic profile of the parent 
compound and can be formed when the parent compound contains a suitable group or 
substituent which can be derivatised to form a prodrug. Examples of pro-drugs include in- 
vivo hydrolysable esters of a compound of the invention or a pharmaceutically-acceptable salt 

10 thereof. 

Various forms of prodrugs are known in the art, for examples see: 

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in 
Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al. (Academic Press, 1985); 

b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and 

15 H. Bundgaard, Chapter 5 'Design and Application of Prodrugs", by H. Bundgaard p. 1 13-191 
(1991); 

-' C ) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992); 

d) H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988); and 

e) N. Kakeya, et al., Chem Pharm Bull, 32, 692 (1984). 

20 . . 

An in vivo hydrolysable ester of a compound of formula (1) containing carboxy or 

hydroxy group is, for example a pharmaceutical^ acceptable ester which is cleaved in the 
human or animal body to produce the parent acid or alcohol. 

Suitable pharmaceutical^ acceptable esters for carboxy include Ci. 6 alkoxymethyl 

25 esters for example methoxymethyl, C^alkanoyloxvmethyl esters for example 

pivaloyloxymethyl, phthalidyl esters, Cs-scycloalkoxycarbonyloxyCi-ealkyl esters for example 
1-cyclohexylcarbonyloxyethyl; l,3-dioxolen-2-onylmethyl esters for example 
5-methyl-l,3-dioxolen-2-onylmethyl; and d-ealkoxycarbonyloxyethyl esters for example 
1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of 

30 this invention. 

Suitable pharmaceutically-acceptable esters for hydroxy include inorganic esters such 
as phosphate esters (including phosphoramidic cyclic esters) and ct-acyloxyalkyl ethers and 
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related compounds which as a result of the in-vivo hydrolysis of the ester breakdown to give 
the parent hydroxy group/s. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and 
2 2-dimethylpropionyloxymethoxy. A selection of in-vtvo hydrolysable ester forming groups 
for hydroxy include C^oalkanoyl, example acetyl; benzoyl; phenylacetyl; subsUtuted 
5 benzoyl and phenylacetyl, C^oalkoxycarbonyl (to give alkyl carbonate esters), for example 
ethoxycarbonyl; di-CC^alkylcarbamoyl and^di-CWalkylaminoethyl)-^- 
(Cr^aJkylcarbamoyl (to give carbamates); ^(Q-^allcylaminoacetyl and carboxyacetyl. 
Examples of ring substituents on phenylacetyl and benzoyl include aminomethyl, (C 
4 )alkylaminomethyl and di-aC.^alkyDaminomethyl, and morpholino or piperazino hnked 
10 from a ring nitrogen atom via a methylene Unking group to the 3- or 4- position of the benzoyl 
ring Other interesting in-vivo hydrolysable esters include, for example, R^OP^alkyl- 
CO- wherein R A is for example, benzyloxy-Malkyl, or phenyl). Suitable substituents on a 
phenyl group in such esters include, for example, MQ-^iperazmo^C^alkyl, piperazino- 
(Ci-4)alkyl and morpholino-(C r C4)alkyl. 
15 In this specification the generic term "alkyl" includes both straight-chain and 

branched-chain alkyl groups. However references to individual alkyl groups such as "propyl" 
are specific for the straight chain version only and references to individual branched-cham 
alkyl groups such as .-butyl are specific for the branched chain version only. For example, 
"C^alkyl" includes methyl, ethyl, propyl, isopropyl and r-butyl and examples of "C^alkyl" 
20 include the examples of « Cl ,alkyl"and additionally pentyl, 2,3-dimethylpropyl, 3-methylbutyl 
and hexyl. An analogous convention applies to other generic terms, for example "C^alkenyl ' 
includes vinyl, allyl and 1-propenyl and examples of "C 2 ,alkenyl" include the examples of 
•< Cw alkenyl" and additionally 1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-enyl, 3- 
m ethylbut-l-enyl,l-pentenyl,3-pentenyland4-hexenyl. Examples of "C^alkynyl" includes 
25 ethynyl, 1-propynyl and 2-propynyl and examples of "C^alkynyFinclude the examples of 
"C 2 ^alkynyl" and additionally 3-butynyl, 2-pentynyl and l-methylpent-2-ynyl. 

The term "hydroxyCMalkyl" includes hydroxymethyl, hydroxyethyl, hydroxypropyl, 
hydroxyisopropyl and hydroxybutyl. The term "hydroxyethyl" includes 1-hydroxyethyl and 2- 
hydroxyethyl. The term "hydroxypropyl" includes 1-hydroxypropyl, 2-hydroxypropyl and 3- 
30 hydroxypropyl and an analogous convention applies to terms such as hydroxybutyl. The term 
"dihydroxyCMalkyl" includes dihydroxyethyl, dihydroxypropyl, dihydroxyisopropyl and 
dihydroxybutyl. The term "dihydroxypropyl" includes 1,2-dihydroxypropyl and 1,3- 
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dm-Dl. An analogous convention apphes to terms such as dihydroxyisopropyl and 

includes diftaomethyl and dichloromethyl. The Km "tthalo Catty!" includes 

5 trifluoromethyl. , . . 

Exiles of »5- and 6-mambared cyclic acetals and mono- and di-me«hy> derives 

thereof are: 

l^oxoUa.-4-yl^maftyl-U-dioxotaH.-yl, Z^^nath^-U^oxolan^yl; 2,2- 
dimethyl-U-dioxan-4-yl; 2>dtaethyl-U-dioxan-5-yl; l,3-dtoxan-2-yl. 
10 Examples of »C, ^alkoxy" includa methoxy, athoxy, propoxy and Uopropoxy. 

bu V loxy,pan,oxyand 1 ,2-(memy.) ! p M poxy. Examples o, X^oy." inotada fonnyl, 

ahJMontd. ^ybuPmo^p^oyl.hax.no^andl^yllaP.opi^yl.Bx^toof 
,5 ..ca.xanoyloxyarefonnyloxy.ac^xyandp.oplonoxy. Examples of X,«.oxy 
include the examples of "G^yloxy" and additionally butanoyloxy, penlaooyloxy, 
haxanoyloxy and fXmattyD.propionyloxy. Examples of W C,.aalltyl)amino» include 
m «hylann„o and emylamino. Examples of «- — ° f 

••WCattyDamino" and additionally pentylamino, hexylamino and 3-meurylb.tylannno. 
20 Exiles ofW.^nuno»taclu^^ 

N-ethyl-N-meftylamino. Examples of •W.W-CC^kylfeantino" include the example of 

Examples of »6*1— f - methylcarbamoyl and e«h,lca*amoyl. Examples of 
w , salW cart>amoyl» are the examples of -AHG ^l)ca*amoyl»and additionally 
25 penlylcrnbamoyl.hexylea^ 

nKthyl-N-ethylcarbamoyl. Examplaa of WCC^lfecaAamoyl" are the examples of 
•W,fY-(Cuslkyl)ae"bamoyr and additionally ttN-Cpentyfocarbamoyl, W-methyl-N- 
pentylcarbamoyl and N-emyl-N-hexy.catbamoyt. Exam pl es of "W^yDsulpbamoyl" are 
30 N-(m=myI)sulphamoyl and *-<e,hyl)sulphamoyl. Examples of IHWWW - 
fte examples of W, ^alkyOsulphamoyl" and additionally W-pentylsulphamoyl, N- 
hexylsnlphamoyl and lXmethyl^propylsulphamoyl. Examples of 
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JV-(methy WethyDsulphamoyl. Examples of "MN-^alkylhsulphamoyl" are the 
examples of « ^-(Q^alkyl^phamoyr and additionally W P entyl) 2 sulphamoyl, 
methyl-N-pentylsulphamoyl and N-ethyl-iV-hexylsulphamoyl. 
5 Examples of "cyano^alkyl" are cyanomethyl, cyanoethyl and cyanopropyl. 

Examples of "C 5 . 7 cycloalkyl" are cyclopentyl, cyclohexyl and cycloheptyl. Examples of "C 3 . 
8 cycloalkyl" and "C^cycloalkyl" include "C^ycloallcyl, cyclopropyl, cyclobutyl and 
cyclooctyl. Examples of "Cs-ecycloalkyl" inclulde cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyl. 

10 The term "aminoCMalkyl" includes aminomethyl, aminoethyl, aminopropyl, 

aminoisopropyl and aminobutyl. The term "aminoethyl" includes 1-aminoethyl and 2- 
aminoethyl. The term "aminopropyl" includes 1-aminopropyl, 2-aminopropyl and 3- 
aminopropyl and an analogous convention applies to terms such as aminoethyl and 
aminobutyl. 

15 The term "sulfo" means HOS0 2 - . The term "sulfino" means H0 2 S- . 

Examples of "C^alkylS(0) a (wherein a is 0 to 2)" include methylthio, ethylthio, 
propylthio, methanesulphinyl, ethanesulphinyl, propanesulphinyl, mesyl, ethanesulphonyl, 
propanesulphonyl, isopropanesulphonyl, pentanesulphonyl and hexanesulphonyl. 

Examples of "C,.4allcylS(0) b (wherein b is 0,1 or 2)" include methylthio, ethylthio, 
20 propylthio, methanesulphinyl, ethanesulphinyl, propanesulphinyl, mesyl, ethanesulphonyl, 
propanesulphonyl and isopropanesulphonyl. 

Examples of "C 3 ^cycloalkylS(0) b (wherein b is 0,1 or 2)" include cyclopropylthio, 
cyclopropylsulphinyl, cyclopropylsulphonyl, cyclobutylthio, cyclobutylsulphinyl, 
cyclobutylsulphonyl, cyclopentylthio, cyclopentylsulphinyl and cyclopentylsulphonyl. 
25 ' Examples of "arylS(0) b (wherein b is 0,1 or 2)" include phenylthio, phenylsulphinyl 
and phenylsulfonyl. Examples of "benzylS^ (wherein b is 0,1 or 2)" inculde benzylthio, 
benzylsulfinyl and benzylsulfonyl. Examples of "heterocyclylS(0) b (wherein b is 0,1 or 2)" 
include pyridylthio, pyridylsulfinyl, pyridylsulfonyl, imidazolylthio, imidazolylsulfinyl, 
imidazolylsulfonyl, pyrimidinylthio, pyrimidinylsufinyl, pyrimidinylsulfonyl, piperidylthio, 
30 piperidylsulfinyl and piperidylsulfonyl. 

Examples of "C^alkoxycarbonyl" include methoxycarbonyl, ethoxycarbonyl, n- and 
,-butoxycarbonyl. Examples of "C^alkoxycarbonylamino" include methoxycarbonylamino, 
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emoxycarbonylamino, n- and f-butoxycarbonylamino. Examples of 
"C^alkylsulphonyl^-(C w alkyl)amino»' include methylsulphonyl-AT-methylamino, 
ethylsulphonyl-N-methylamino and propylsulphonyl-N-ethylamino. Examples of 
« Cl 6 alkylsulphonylamino" include memylsulphonylamino, ethylsulphonylamino and 
5 propylsulphonylamino. Examples of "C^alkanoylamino" include formamido, acetamidoand 
propionylamino. 

Examples of «'CMallcoxyCMalkoxy' are methoxymethoxy, ethoxymethoxy, 
ethoxyethoxy and methoxyethoxy. Examples of "hydroxyC^alkoxy" are hydroxyethoxy and 
hydroxypropoxy. Examples of "hydroxypropoxy" are 1 -hydroxypropoxy, 2-hydroxypropoxy 

10 and 3-hydroxypropoxy. 

Where optional substituents are chosen from "0, 1, 2 or 3" groups it is to be 
understood that this definition includes all substituents being chosen from one of the specified 
groups or the substituents being chosen from two or more of the specified groups. An 
analogous convention applies to substituents chose from "0, 1 or 2" groups and "1 or 2" 

15 groups. 

"Heterocyclyl" is a saturated, partially saturated or unsaturated, optionally substituted 
monocyclic ring containing 5 to 7 atoms of which 1, 2, 3 or 4 ring atoms are chosen from 
nitrogen, sulphur or oxygen, which may, unless otherwise specified, be carbon or nitrogen 
linked, wherein a -CH 2 - group can optionally be replaced by a -C(0)-and a ring sulphur atom 
20 may be optionally oxidised to form the S-oxide(s). Examples and suitable values of the term 
"heterocyclyl" are morpholino, morpholinyl, piperidino, piperidyl, pyridyl, pyranyl, pyrrolyl, 
imidazolyl, thiazolyl, thienyl, dioxolanyl, thiadiazolyl, piperazinyl, isothiazolidinyl, triazolyl, 
tetrazolyl, pyrrolidinyl, 2-oxazotidinonyl, 5-isoxazolonyl, thiomorpholino, pyrrolinyl, 
homopiperazinyl, 3,5-dioxapiperidinyl, 3-oxopyrazolin-5-yl, tetrahydropyranyl, 
25 tetrahydrothiopyranyl, 1-oxotetrahydrothiopyranyl, 1,1-dioxotetrahydrothiopyranyl, 
pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, pyrazoUnyl, isoxazolyl, 4-oxopydridyl, 2- 
oxopyrrotidyl, 4-oxothiazolidyl, furyl, thienyl, oxazolyl, and oxadiazolyl. 

Suitably a "heterocyclyl" is morpholino, morpholinyl, piperidino, piperidyl, pyridyl, 
pyranyl, pyrrolyl, imidazolyl, thiazolyl, thienyl, thiadiazolyl, piperazinyl, isothiazolidinyl, 
30 1,3,4-triazolyl, tetrazolyl, pyrrolidinyl, thiomorpholino, pyrrolinyl, homopiperazinyl, 

3,5-dioxapiperidinyl, pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, pyrazolinyl, isoxazolyl, 4- 
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oxopydridyl, 2-oxopyrrolidyl, 4-oxothiazolidyl, furyl, thienyl, oxazolyl, 1,3,4-oxadiazolyl, and 
1,2,4-oxadiazolyl. 

Conveniently "heterocyclyl" is oxazolyl, 1,3,4-oxadiazolyl, 1,2,4-oxadiazolyl, 
tetrazolyl, thizoyl, thiadiazolyl, pyridyl, imidazolyl, furyl, thienyl, morpholine, pyrimidyl, 

5 pyrazinyl,pyridazinyl,pyrazolyl,pyrazolinyl, and piperazinyl. 

Suitable optional substituents for "heterocyclyl" as a saturated or partially saturated 
ring are 1, 2 or 3 substituents independently selected from halo, cyano, hydroxy, C M alkyl, Ci. 
4 alkoxy and CMalkylS(0) b (wherein b is 0, 1 or 2). Further suitable substituents for 
"heterocyclyl" as a saturated or partially saturated ring are 1, 2 or 3 substituents independently 

10 selected from fluoro, chloro, cyano, hydroxy, methyl, ethyl, methoxy, methylthio, 
methylsulfinyl and methylsulfonyl. 

Suitable optional susbtituents for "heterocyclyl" as an unsaturated ring are 1, 2 or 3 
substituents independently selected from halo, cyano, nitro, amino, hydroxy, C M alkyl, Q. 
4 alkoxy, C M alkylS(0) b (wherein b is 0, 1 or 2), JV-(CMalkyl)amino and 

15 jV,AKC w a]kyl)2amLno. Further suitable optional susbtituents for "heterocyclyl" as an 

unsaturated ring are 1, 2 or 3 substituents independently selected from fluoro, chloro, cyano, 
nitro, amino, methylamino, dimethylamino, hydroxy, methyl, ethyl, methoxy, methylthio, 
methylsulfinyl and methylsulfonyl. 

Examples of "(heterocyclyl)C M alkyl" are morpholinomethyl, morpholinethyl, 

20 morpholinylmethyl, morpholinylethyl, piperidinomethyl, piperidinoethyl, piperidylmethyl, 
piperidylethyl, imidazolylmethyl, imidazolylethyl, oxazolylmethyl, oxazolylethyl, 1,3,4- 
oxadiazolylmethyl, 1,2,4-oxadiazolylmethyl, 1,2,4-oxadiazolylethyl, pyridylmethyl, 
pyridylethyl, furylmethyl, furylethyl, (thienyl)methyl, (thienyl)ethyl, pyrazinylmethyl, 
pyrazinylethyl, piperazinylmethyl and piperazinylethyl. 

25 Examples of "aryl" are optionally substituted phenyl and naphthyl. 

Examples of "aryl(C M )alkyl" are benzyl, phenethyl, naphthylmethyl and 
naphthylethyl. 

Suitable optional substituents for "aryl" groups are 1, 2 or 3 substituents independently 
selected from halo, cyano, nitro, amino, hydroxy, CMalkyl, C^alkoxy, C M alkylS(0) b 
30 (wherein b is 0, 1 or 2), W-(C M alkyl)amino and W,JV-(C M alkyl) 2 amino. Further suitable 
optional susbtituents for "aryl" groups are 1, 2 or 3 substituents independently selected from 
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methoxy.methylthio.m.thytalflnylandmethylsulfonyl. 

m0Mcy cuc ring — g 5 to 7 atoms o, which 1, 2, 3 or 4 ring atoms are *- •» 
5 ■d.rog.a.su.phuroroxygen. Exatnp.es of hereto - oxazoly.^ — y.-, 

pyriayl^pyrimidinyleno.taridazo!^ 

pyridaiinylene.pyitolylene.lhienyleneandfurylone. 

Suitable optional aubstituents for heteroaryl gnoups, unless otherw.se deBned, . . 

m 3 subsutirents independentty select from halo, oyano, nitro, *nino, hydmxy, C w alxyl, 
10 C,^oxy.C M ^lS(OM»herembisO,lor2),N<C w a.M)ammoa„d 

M 3subarimen B mdependenttyaelectedfromflnoro,chlom,cyano,mm>.am,no 
andmethylsulfonyl. 

U PrferredvalueaofA.R'.^tf.R'.^^nareasfolfowa.Suohvataesm.ybe 
«d where appropriate win, any of me definitions, Cairns, aspects or embodiments denned 

hereinbefore or hereinafter. 

* one embodiment of the invention are provided componnda of formnla (1), . an 
derive embodiment are provided pharmaceuticnUy-acoeptabm saha of cmnpounda 

^pounds of formula (1), and in a fnrther alternative embodiment are provrded 
pHarmacouticaUy-acceptable salt* of in-vivo hydrolyaable esters o, compounds o« « 

k one aspect of the pmsent invention dtere ia provided a compound of formula (1) 
depic^abovewhe™n E 'andR s areaog«te-S-C<R')=C(R 7 >. 
25 to another aspect of the invention R* andR* ate together -C(R XX* >S- 

m a fuflher aapec, of the invention, rf and R' am independendy select from 

hydrogen, halo or Ci-ealkyl. 

Preferably R 6 andR 7 are independently selected from hydrogen, chloro, bromo or 

methyl. 

30 Particularly R 6 and R 7 are independently selected from hydrogen or chloro. 

More particularly one of R 6 andR 7 is chloro. 

fo one embodiment, one of R 6 andR 7 is chloro and the other is hydrogen. 
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In another embodiment, both R 6 and R 7 are chloro . 

In one aspect of the invention A is phenylene. 

In another aspect of the invention A is heteroarylene. 

Preferably A is selected from phenylene, pyridylene, pyrimidinylene, pyrrolylene, 
5 imidazolylene, triazolylene, tetrazolylene, oxazolylene, oxadiazolylene, thienylene and 
furylene. 

In one aspect of the invention n is 0 or 1. 

In one aspect preferably n is 1. 

In another aspect, preferably n is 0. 
10 When n is 2, and the two R 1 groups, together with the carbon atoms of A to which they 

are attached, form a 4 to 7 membered ring, optionally containing 1 or 2 heteroatoms 
independently selected from O, S and N, conveniently such a ring is a 5 or 6 membered nng 

cyclic acetal, preferably it is not substituted. Most preferably the two R 1 groups together are 

15 the group -O-CH2-O-. 

In another aspect of the present invention R 1 is selected from halo, nitro, cyano, 
hydroxy, fluoromethyl, difluoromethyl, trifluoromethyl and C M alkoxy. 

In a further aspect R 1 is selected from halo, nitro, cyano, hydroxy, fluoromethyl, 
difluoromethyl, trifluoromethyl, -S^alkyl (wherein b is 0, 1 or 2), C^alkyl and C, 
20 4 alkoxy. 

In a further aspect R 1 is selected from halo, nitro, cyano, hydroxy, fluoromethyl, 
difboran*^^ methyl andmethoxy. 

In a further aspect, R 1 is C^aUcyl. 
Preferably R 1 is selected from halo and CMalkoxy. 
25 m another embodiment preferably R 1 is selected from fluoro, chloro, methyl, ethyl, 

methoxy and -O-CH2-O-. 

In one aspect of the invention m is a single bond. 

In another aspect of the invention ~ is a double bond. ^ 
In one aspect of the invention R 2 is hydrogen. Li another aspect of the invention R is 
30 carboxy. In another aspect of the invention R 2 is hydroxy. 
Preferably R 2 is hydrogen. 
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Suitable values for R 3 as heterocyclyl are morpholino, morpholinyl, piperidino, 
piperidyl, pyridyl, pyranyl, pyrrolyl, imidazolyl, thiazolyl, thienyl, thiadiazolyl, piperazinyl, 
isothiazolidinyl, 1,3,4-triazolyl, tetrazolyl, pyrrolidinyl, thiomorpholino, pyrrolinyl, 
homopiperazinyl, 3,5-dioxapiperidinyl, pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, 
5 pyrazolinyl, isoxazolyl, 4-oxopydridyl, 2-oxopyrrolidyl, 4-oxothiazolidyl, furyl, thienyl, 
oxazolyl, 1,3,4-oxadiazolyl, and 1,2,4-oxadiazolyl, tetrahydrothiopyranyl, 1- 
oxotetrahydrothiopFanyl.ia-dioxotetrahydrothiopyranyl. 

More suitable values for R 3 as heterocyclyl are pyridyl, pyrimidinyl and imidazolyl. 
Further suitable values for R 3 as heterocyclyl are tetrahydrothiopyranyl, 1- 
10 oxotetrahydrothiopyranyl, 1,1-dioxotetrahydrothiopyranyl. 

In one aspect of the invention R 3 is selected from hydrogen, hydroxy, C^alkoxy, 
Cl 4 alkanoyl, carbamoyl, C 3 ,cycloalkyl (optionally substituted with 1 or 2 hydroxy groups, 
cyano(CM)alkyl, morpholino, morpholinyl, piperidino, piperidyl, pyridyl, pyranyl, pyrrolyl, 
imidazolyl, thiazolyl, thienyl, thiadiazolyl, piperazinyl, isothiazolidinyl, 1,3,4-triazolyl, 
15 tetrazolyl, pyrroUdinyl, thiomorphoUno, pyrrolinyl, homopiperazinyl, 3,5-dioxapipendmyl, 
pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, pyrazolinyl, isoxazolyl, 4-oxopydridyl, 2- 
oxopyrrolidyl, 4-oxothiazolidyl, furyl, thienyl, oxazolyl, 1,3,4-oxadiazolyl, and 1,2,4- 
oxadiazolyl, tetrahydrothiopyranyl, 1-oxotetrahydrothiopyranyl, 1,1- 
dioxotetrahydrothiopyranyl and CMalkyl (optionally substituted by 1 or 2 R 8 groups); 
20 R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl (optionally 

substituted by 1 or 2 R 13 groups), C 3 . 7 cycloalkyl (optionally substituted by 1 or 2 hydroxy 
groups), cyano(C w )alkyl, trihalo C^aUcyl, aryl, heterocyclyl and heterocyclyKC^alkyl); 
or 

R> and R 10 together with the nitrogen to which they are attached form a 4- to 6-membered ring 
25 where the ring is optionally substituted on carbon by lor 2 substituents selected from oxo, 
hydroxy, carboxy, halo, nitro, cyano, carbonyl and C^alkoxy, or the ring may be optionally 
substituted on two adjacent carbons by -0-CH 2 -0- to form a cyclic acetal wherein one or 
both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 

R 8 is independently selected from hydroxy, CMalkoxyC^alkoxy, hydroxyCMalkoxy, 
30 5- and 6-membered cyclic acetals and mono- and di-methyl derivatives thereof, aryl, 
heterocyclyl, C 3 -7cycloalkyl, C M alkanoyl, Cwalkoxy, 
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C M aIkylS(0) b - (wherein b is 0, 1 or 2), C 3 -6CycloalkylS(0) b - (wherein b is 0, 1 or 2), 
arylS(0) b - (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), benzylS(0) b - 
(wherein b is 0, 1 or 2), -N(OH)CHO, -C(=N-OH)NH 2 , 

-C(=N-OH)NHCi^alkyl, -C(=N-OH)N(C M alkyl) 2 , -C(=N-OH)NHC 3 ^cycloalkyl, -C(=N- 
5 OH)N(C 3 ^cycloalkyl) 2 , -COCOOR 9 , -C(0)N(R 9 )(R 10 ), -NHC(0)R 9 , 

-C(0)NHS0 2 (C M alkyl), -NHS0 2 R 9 , (R 9 )(R 10 )NSO 2 -, -COCH 2 OR n , (R 9 )(R 10 )N- and 
-COOR 9 ; 

R 13 is selected from hydroxy, halo, trifluoromethyl and C^alkoxy; 
R 11 is selected from hydrogen, Ci^alkyl and hydroxyCi^alkyl. 

10 

Li a further aspect of the invention R 3 is selected from cyanoCi^alkyl and Ci^alkyl 
(optionally substituted by 1 or 2 of R 8 groups); 

R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l,3-dioxolan-4-yl; 
2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4-oxadiazolyl, 1,3,4- 
15 oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, tetrahydrofiiryl, 

tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, Ci^alkanoyl, Ci_ 
4 alkylS(0) b - (wherein b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), -COOR 9 , -C^NHSOiMe, -C(=N- 
OH)NH 2 , -C(=N-OH)NHC M alkyl, -C(=N-OH)N(C^alkyl) 2 and -NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, Ci^alkyl optionally 
20 substituted with R 13 (wherein R 13 is Ci^alkoxy or hydroxy); or 

R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 
6-membered ring where the ring may be optionally substituted on carbon by 1 or 2 hydroxy 
groups or carboxy groups), or the ring may be optionally substituted on two adjacent carbons 
by -0-CH 2 -0- to form a cyclic acetal wherein one or both of the hydrogens of the -0-CH 2 - 
25 O- group may be replaced by a methyl. 

In a further aspect of the invention R 3 is selected from cyanoCi^alkyl and C M alkyl 
(optionally substituted by 1 or 2 R 8 groups); 

R 8 is independently selected from hydroxy, 2,2-dimethyl-l,3-dioxolan-4-yl, 1,2,4- 
30 oxadiazolyl, 1,3,4-oxadiazolyl, tetrazolyl, Ci^alkoxy, Ci^alkanoyl, C M alkylS(0) b - (wherein 
b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 ; 



5 
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R» and R 10 are independently selected from hydrogen, hydroxy, C^alkyl optionally 
substituted with R 13 (wherein R 13 is Cwalkoxy or hydroxy); or 

R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 
6-memberedring selected from piperidine, 4-hydroxypiperidine, pyrrolidine, 
3,4-dihydroxypyrroUdine and the dimethylacetal of 3,4-dihydroxypyrrolidine. 



In yet a further aspect of the invention R 3 is selected from hydroxypropyl, 2- 
hydroxybutyl, 3-hydroxy-2-hydroxymethyl-propyl, 2,3-dihydroxypropyl, 1,3-dihydroxyprop- 
2-yl (2 2-dimethyl-l,3-dioxolan-4-yl)methyl, (2,2-dimethyl-l,3-dioxan-4-yl)methyl, (2,2- 
10 dimethyl-l,3-dioxan-5-yl)methyl, (2-oxo-l,3-dioxan-5-yl)methyl, cyanomethyl, butanoyl, 
methoxyethyl, (3-hydroxypiperidino)carbonylmethyl, 1,2,4-oxadiazolylmethyl, (5-oxo)-l,2,4- 
oxadiazolylmethyl, (5-methyl)-l,2,4-oxadiazolylmethyl, (2-aminoH,3,4-oxadiazolylmethyl, 
tetrazolylmethyl, (3,4-dmydroxypyrrolidinyl)carbonylmethyl, [(3,4- 
dihydroxypytroHdinyl)carbonylmemyl]dime^ methylthioethyl, methanesulfinylethyl, 
15 methanesulfonylethyl, iV-methanesulfonamidocarbonylmethyl, N- 

methanesulfonamidocarbonylethyl, iV-(l,3-dihydroxyprop-2-yl)carbamoylmethyl, 2- 
(dlmethylamino)ethyl, 2-hydroxy-3-(dimemylamino)propyl, amino(iV-hydroxy)iminomethyl, 
methoxycarbonylmethyl, hydroxymethylcarbonylmethyl, carboxymethyl, carbamoylmethyl, 
(dimethylcarbamoyDmethyl, (methylcarbamoyl)methyl, (methylcarbamoyl)ethyl, 
20 (hydroxycarbamoyDmethyl, (hydroxyethylcarbamoyl)methyl, and 

(methoxyethylcarbamoyl)methyl, acetylaminoethyl, trifluoroacetylaminoethyl, N-(pyrid-4- 
yDcarbamoylmethyl, N-(pyrid-2-yl)carbamoylm e thyl, AH3-methyl-pyrid-2- 
yDcatbamoylmethyl, N-(6-methyl-pyrid-2-yl)carbamoylmethyl, iV-(3-hydroxy- P yrid-2- 
yDcarbamoyhnethyl, N-(6-fluoro-pyrid-2-yl)carbamoylmethyl, iV-(6-bromo-pyrid-2- 
25 yDcarbamoylmethyl, iV-(6-fluoro-pyrid-3-yl)carbamoylmethyl, iV-(6-chloro- P yrid-3- 
yDcarbamoylmethyl, N-(N-memyl-imidazol-3-yl)carbamoylmethyl, JV-(iimdazol-2- 
ylxnethyDcarbamoylmethyl, N-(tetrazol-5-ylmethyl)carbamoylmethyl, JV-(4-methyl-thiazol-2- 
yDcarbamoyunethyl, A/-(l,3,4-thiadiazol-2-yl)carbamoylmethyl, iV-(5-methyl-l,3,4- 
thiadiazol-2-yl)carbamoylmethyl, Ar-(5-emyl-l,3,4-thiadiazol-2-yl)carbamoylmethyl, N-(4- 
30 cyano-pyridazin-3-yDcarbamoylmethyl, iV-(6-chloro-pyric^zin-3-yl)carbamoylmethyl, N-(2,4. 
dimemyl-2H- P yridazin-3-yl)carba m oylmethyl,N-(2^ 
yDcarbamoylmethyl, iNr-(pyrazm-2-ylmethyl)carbamoylmethyl, N-(pyrimidin-4- 
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yl)carbamoylmethyl, iV-(2-hyckoxy-pyrimidin-4-yl)carbamoylmethyl, AK4-hydroxy- 
pyrimidin-2-yl)carbamoylmethyl, iV-(Ar-methylpyrazol-3-yl)carbamoylmethyl, i\f-(5- 
ethylpyrazol-3-yl)carbamoylmethyl andiV-(5-oxo-2^pyrazol-3-yl)carbamoylmethyl . 

5 In yet a further aspect of the invention R 3 is selected from hydrogen, hydroxyethyl, 

hydroxypropyl, 2-hydroxybutyl, 3-hydroxy-2-hydroxymethyl-propyl, 2,3-dihydroxypropyl, 
(2,2-dimethyl-l,3-dioxolan-4-yl)methyl, (2,2-dimethyl-l,3-dioxan-4-yl)methyl, (2,2- 
dimethyl-l,3-dioxan-5-yl)methyl, (2-oxo-l,3-dioxan-5-yl)methyl, cyanomethyl, butanoyl, 
methoxyethyl, (3-hydroxypiperidino)carbonylmethyl, 1,2,4-oxadiazolylmethyl, (5-oxo)- 1,2,4- 

10 oxadiazolylmethyl, (5-methyl)-l,2,4-oxadiazolylmethyl, (2-amino)-l,3,4-oxadiazolylmethyl, 
tetrazolylmethyl, (3,4-dihydroxypyrrolidinyl)carbonylmethyl, 
[(3,4-dihycfroxypyiroHdinyl)car^^ methylthioethyl, 
methanesulfinylethyl, methanesulfonylethyl, AT-methanesulfonamidocarbonylmethyl, iV-(l,3- 
dihydroxyprop-2-yl)carbamoylmethyl, 2-(dimethylamino)ethyl, 2-hydroxy-3- 

15 (dimethylamino)propyl, anuno(A^hydroxy)iminomethyl, methoxycarbonylmethyl, 

carboxyrnethyl, carbamoylmethyl, (dimethylcarbamoyl)methyl, (methylcarbamoyl)methyl, 
(methylcarbamoyl)ethyl, (hydroxycarbamoyl)methyl, (hydroxyethylcarbamoyl)methyl, and 
(methoxyethylcarbamoyl)methyl. 

20 In yet a further aspect of the invention R 3 is selected from hydrogen, hydroxyethyl, 

hydroxypropyl, 2-hydroxybutyl, 3-hydroxy-2-hydroxymethyl-propyl, 2,3-dihydroxypropyl, 
carbamoylmethyl, (dimethylcarbamoyl)methyl, (methylcarbamoyl)methyl, 
(methylcarbamoyl)ethyl, (hydroxycarbamoyl)methyl, (hydroxyethylcarbamoyl)methyl, 
(methoxyethylcarbamoyl)methyl, anrino(AMiydroxy)iminomethyl, methanesulfinylethyl, and 

25 methanesulfonylethyl. 

In one aspect, one of R 9 and R 10 is hydrogen and the other is selected from heterocyclyl 
and heterocyclyl(Ci_4alkyl). Conveniently R 9 or R 10 as heterocyclyl and heterocyclyl(Ci_ 
4 alkyl) is selected from oxazolyl, 1,3,4-oxadiazolyl, 1,2,4-oxadiazolyl, tetrazolyl, thiazoyl, 
30 thiadiazolyl, pyridyl, imidazolyl, furyl, thienyl, morpholine, pyrimidyl, pyrazinyl, pyridazinyl, 
pyrazolyl, pyrazolinyl, piperazinyl. morpholinomethyl, morpholinethyl, morpholinylmethyl, 
morpholinylethyl, piperidinomethyl, piperidinoethyl, piperidylmethyl, piperidylethyl, 
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tetrahydrothiopyranyl, 1-oxotetrahydrothiopyranyl, 1,1-dioxotetrahydrothiopyranyl, 
imidazolylmethyl, imidazolylethyl, oxazolylmethyl, oxazolylethyl, 1,3,4-oxadWylmethyl, 
1,2,4-oxadiazolylmethyl, 1,2,4-oxadiazolylethyl, pyridylmethyl, pyridylethyl, furylmethyl, 
furylethyl, (thienyl)methyl, (thienyl)ethyl, pyrazinylmethyl, pvrazinylethyl, piperazinylmethyl 

5 and piperazinylethyl; 

wherein the heterocylic ring is optional substituted on any available atom by 1, 2 or 3 
substituents independently selected from halo, cyano, hydroxy, C^alkyl, Ci^alkoxy and 
C M alkylS(0) b (wherein b is 0, 1 or 2), and additionally when the heterocyclyl ring is a 
heteroaryl ring, further suitable optional substituents are selected from nitro, amino, 

10 W-(CMalkyl)amino andttAKCMalkyl^airuno, and/or wherein any heterocyclic ring is 

optionally oxidised such that a -CH 2 - group is replaced by a -C(0)-and/or a ring sulphur atom 
is oxidised to form the S-oxide(s). 

A preferred class of compound is of the formula (1) wherein; 

15 rr ^ rr is a single bond; 

XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
R 6 is halo; 
R 7 is hydrogen; 
20 A is phenylene; 

n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 
25 R 2 is hydrogen; 

R 3 is selected from cyanoC M alkyl, and d^alkyl (optionally substituted by 1 or 2 R 8 

groups); 

R 8 is independently selected from hydroxy, C 3 -7cycloalkyl, phenyl, 2,2-dimethyl-l,3- 
dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 
30 oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, 
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, C^allcoxy, 
CMalkanoyl, C M alkylS(0) b - (wherein b is 0, 1 or 2), Cs^cycloalkylS^- (wherein b is 0, 1 
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or 2), arylS(0) b - (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), - 
C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS02Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, 
-^N-OWC^alkyDa ,-N(OH)CHO, -COCOOR 9 , -NHC(0)R 9 , (R 9 )(R 10 )NSO2-, 

-COCH2OR 11 and-NHS0 2 R 9 ; 
5 R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 

heterocyclyKC^alkyl), C^alkyl (optionally substituted by 1 or 2 hydroxy groups) and Q. 

4 alkyl substituted by C^alkoxy, and wherein R 9 and R 10 can together with the nitrogen to 

which they are attached form 4- to 6-membered ring where the ring is optionally substituted 

on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the ring may be 
10 optionally substituted on two adjacent carbons by -0-CH 2 -0- to form a cyclic acetal wherein 

one or both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 
R 11 is selected from hydrogen, Ci^alkyl and hydroxyCMalkyl; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof; 

with the proviso that the compound of formula (1) is not 
15 i. 2-chloro-5-[iV-(l-memyl-2-oxo-l,2 ) 3,4-tettahydroquinol-3-yl)carbamoyl]-6//- 

thieno[2,3-6]pyrrole. 

Another preferred class of compounds is of formula (1) wherein: 

is a single bond; 

20 XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 

R 6 is chloro; 

R 7 is hydrogen; 

A is phenylene; 
25 n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

30 R 3 is selected from Ci^alkyl (optionally substituted by 1 or 2 R 8 groups); 

R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l,3-dioxolan-4-yl; 
2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4-oxadiazolyl, 1,3,4- 
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oxadiazolyl, iriazolyl, mm**, imidazolyl, P^xoUdinyl, A-W 

^yarop^nyi^y^op^ ^^^yi.c.^y.c.^.c, 

^(OV (w^bisClo^XC^cycl^OV (wh=^bi S 0,™.S(OV 
(whereinbisO.lo^.heterocyclylSCOV (wherein b is 0, 1 or 2). -C(0)N(R )(R ), 
5 -COOR' , -C(0)NHSO,Me, -C^N-OHJNHa . -C(=N-OH)NHC w alkyl, -C(=N- 
OWCMaltyftaid-NHSOiR 9 ; 

R» and R» are independendy selected from hydrogen, hydroxy, phenyl, heterocyclyl, 

hererocyCyKCaliyl), O^M *»""** b " 1 « 2 ^ W> "* * „ 

^aubstoudbyCMal.oxy.ar.dwhereinR'andR-rogetewirhUreni^en.owh.ch 

10 they are attached form a 4- to 6-membered ring aelected from piperidrne, 4-hydroxy 
piperita, pyrrolidine, 3,4-dihydioxypym>Mdrne and the dimedtylaeeul of 3,4- 
dihydroxypyrrolidine; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 
with the proviso that the compound of formula (1) is not: 
15 i. 2 -chloro-5Wl<nemy^^ 
toieno[2,3-f?]pyrrole. 

Another preferred class of compounds is of formula (1) wherein: 
=rr= " is a single bond; 

20 XisCH; 

r 4 and R 5 are together -AR 7 )=C(R 6 )-S- or-S-C(R 6 )=C(R )-; 

R 6 is hydrogen or chloro; 
R 7 is hydrogen or chloro; 
A is phenylene; 

25 n is 0; 

R 2 is hydrogen; 

R 3 is selected from C M alkyl (optionally substituted by 1 or 2 R 8 groups); 

R« is independendy selected from hydroxy, C^alkylStOV (wherein b is 0, 1 or 2), 

-NHC(0)R 9 and -C(0)N(R 9 )(R 10 ); 
30 R 9 and R 10 are independendy selected from hydrogen, C^alkyl (optionally substituted 

by 1 or 2 hydroxy groups) and C^alkyl substituted by C^alkoxy; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 
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with the proviso that the compound of formula (1) is not: 
i 2-cUoro-SW^^ 
thieno[2,3-fc]pyrrole. 

5 Another preferred class of compounds is of formula (1) wherein: 

Trrr ' is a single bond; 
XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
R 6 is chloro; 
10 R 7 is hydrogen; 

A is phenylene; 
n is 0,1 or 2; 

Ri is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
15 methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from groups of the formulae B and B': 

o 

(B) CB') 
20 wherein y is 0 or 1, t is 0, 1, 2 or 3 and u is 1 or 2; provided that the hydroxy group is not a 
substituent on the ring carbon adjacent to the ring oxygen; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

Another preferred class of compound is of the formula (1) wherein: 
25 is a single bond; 

X is CH; 

R 4 and R s are together -S-C(R 6 )=C(R 7 )-; 
R 6 is hydrogen or halo; 
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R 7 is hydrogen or halo; 
A is phenylene; 
n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
5 difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -SCWe and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoC M alkyl, and C M alkyl (optionally substituted by 1 or 2 R 8 
groups); 

10 R 8 is independently selected from hydroxy, C 3 .7cycloallcyl, phenyl, 2,2-dimethyl-l ,3- 

dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l, 3-dioxan-5-yl, 1,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, 
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, C^alkoxy, 
C M alkanoyl, Ci^alkylS(0) b - (wherein b is 0, 1 or 2), C 3 -6cycloalkylS(0) b - (wherein b is 0, 1 
15 or 2), arylS(0) b - (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), - 
C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, 
-C(=N-OH)N(C M alkyl) 2 ,-N(OH)CHO, -COCOOR 9 , -NHC(0)R 9 , (R 9 )(R 10 )NSO 2 -, 
-COCH 2 OR u and -NHSO2R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
20 heterocycIyl(C M alkyl),Ci^alkyl (optionally substituted by 1 or 2 hydroxy groups) and 

Ci 4 alkyl substituted by C M alkoxy and wherein R 9 and R 10 can together with the nitrogen to 
which 'they are attached form 4- to 6-membered ring where the ring is optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the ring may be 
optionally substituted on two adjacent carbons by -O-CH2-O- to form a cyclic acetal wherein 
25 one or both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 
R 11 is selected from hydrogen, Ci^alkyl and hydroxyCi^alkyl; 
or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

Another preferred class of compound is of the foimula (1) wherein: 
30 is a single bond; 

Xis CH; 

R 4 and R 5 are together -S-C(R 6 )=C(R 7 )-; 
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R 6 is chloro; 
R 7 is chloro; 
A is phenylene; 
n is 0, 1 or 2; 

5 R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 

difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoCi^alkyl, and CMalkyl (optionally substituted by 1 or 2 R 8 
10 groups); 

R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l,3-dioxolan-4-yl; 
2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4-oxadiazolyl, 1,3,4- 
oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, tetrahydrofuryl, 
tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, Ci^alkanoyl, Ci_ 

15 4 alkylS(0) b - (wherein b is 0, 1 or 2), C 3 ^cycloalkylS(0) b - (wherein b is 0, 1 or 2), aryIS(0) b - 
(wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), 
-COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, -C(=N- 
OH)N(C M alkyl) 2 and-NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 

20 heterocyclyl(CMalkyl), CMalkyl (optionally substituted by 1 or 2 hydroxy groups) and Ci- 
4 alkyl substituted by Ci^alkoxy, and wherein R 9 and R 10 together with the nitrogen to which 
they are attached form a 4- to 6-membered ring selected from piperidine, 4-hydroxy 
piperidine, pyrrolidine, 3,4-dihydroxypyrrolidine and the dimethylacetal of 3,4- 
dihydroxypyrrolidine; 

25 or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

Another preferred class of compound is of the formula (1) wherein: 

is a single bond; 

Xis CH; 

30 R 4 and R 5 are together -S-C(R 6 )=C(R 7 )-; 

R 6 is chloro; 
R 7 is chloro; 



WO 03/074532 



PCT/GB03/00877 



-27- 

A is phenylene; 
n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S02Me and, (when n is 2) 
5 methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from groups of the formulae B and B': 




O 

(B) (B') 



10 wherein y is 0 or 1, t is 0, 1, 2 or 3 and u is 1 or 2; provided that the hydroxy group is not a 
substituent on the ring carbon adjacent to the ring oxygen; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

A further preferred class of compound is of the formula (1) wherein; 

15 is a single bond; 

XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
R 6 is halo; 
R 7 is hydrogen; 
20 A is phenylene; 

n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, fluoromethyl, 
difluoromethyl, trifluoromethyl, CMalkoxy and, (when n is 2) methylenedioxy; 
R 2 is hydrogen; 

25 R 3 is selected from C^alkyl (optionally substituted by 1 or 2 hydroxy groups); 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 
with the proviso that the compound of formula (1) is not 
i. 2-cMoro-5-[AKl-methyl-2-oxo-l,2,3^ 
thieno[2,3-6]pyrrole. 
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A further preferred class of compound is of the formula (1) wherein; 
is a single bond; 
Xis CH; 

5 R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 

R 6 is halo; 
R 7 is hydrogen; 
A is phenylene; 
n is 0, 1 or 2; 

10 R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 

difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoCi^alkyl, and Ci^alkyl substituted by R 8 ; 
15 R 8 is independently selected from hydroxy, Ci-4alkylS(0) b - (wherein b is 0, 1 or 2), 

-NHC(0)R 9 and -C(0)N(R 9 )(R 10 ); 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyl(Ci^alkyl), C M alkyl (optionally substituted by 1 or 2 hydroxy groups) and d- 
4 alkyl substituted by d^alkoxy, and wherein R 9 and R 10 together with the nitrogen to which 
20 they are attached form a 4- to 6-membered ring selected from piperidine, 4-hydroxy 
piperidine, pyrrolidine, 3,4-dihydroxypyrrolidine and the dimethylacetal of 3,4- 
dihydroxypyrrolidine; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof, 

25 Another class of compounds is of the formula (1) wherein 

is a double bond; 
XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S- or -S-C(R 7 )=C(R 6 )-; 
R 6 is hydrogen or halo; 
30 R 7 is hydrogen or halo; 

A is phenylene; 
n is 0, 1 or 2; 
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R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

5 R 3 is selected from cyanoC M aIkyl, and Ci^alkyl (optionally substituted by 1 or 2 R 8 

groups); 

R 8 is independently selected from hydroxy, C3.7cycloalkyl, phenyl, 2,2-dimethyl-l,3- 
dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, 

10 tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, 
Ci^alkanoyl, Ci^aUcylS(0)b- (wherein b is 0, 1 or 2), C 3 -6cycloalkylS(0) b - (wherein b is 0, 1 
or 2), arylS(0) b - (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), - 
C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHCi_ 4 alkyl, 
-C(=N-OH)N(C M alkyl) 2 .-N(OH)CHO, -COCOOR 9 , -NHC(0)R 9 , (R 9 )(R 10 )NSO 2 -, 

15 -COCH 2 OR u and-NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyl(Ci-4alkyl), Ci^alkyl (optionally substituted by 1 or 2 hydroxy groups) and Ci- 
4 alkyl substituted by Ci^alkoxy and wherein R 9 and R 10 can together with the nitrogen to 
which they are attached form 4- to 6-membered ring where the ring is optionally substituted 

20 on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the ring may be 

optionally substituted on two adjacent carbons by -0-CH 2 -0- to form a cyclic acetal wherein 
one or both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 

R 11 is selected from hydrogen, Ci^alkyl and hydroxyCMalkyl; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

25 

A further class of compound is of formula (1) wherein: 
— is a single bond; 
XisCH; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S- or -S-C(R 7 )=C(R 6 )-; 
30 R 6 is hydrogen or halo; 

R 7 is hydrogen or hydrogen; 
A is heteroarylene; 
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n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 
5 R 2 is hydrogen; 

R 3 is selected from cyanoCMalkyl, and Ci^alkyl (optionally substituted by 1 or 2 R 8 

groups) 

R 8 is independently selected from hydroxy, C 3 . 7 cycloalkyl, phenyl, 2,2-dimethyl-l,3- 
dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 

10 oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, 
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, C M alkoxy, 
d^alkanoyl, C M alkylS(0) b - (wherein b is 0, 1 or 2), C 3 ^cycloalkylS(0) b - (wherein b is 0, 1 
or 2), arylS(0) b - (wherein b is 0, 1 or 2), heterocyclylS(0)b- (wherein b is 0, 1 or 2), - 
C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, 

15 -C(=N-OH)N(CMal]cyl) J .-N(OH)CHO, -COCOOR 9 , -NHC(0)R 9 , (R 9 )(R 10 )NSO 2 -, 
-COCH 2 OR n and-NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyKd^alkyl), C M alkyl (optionally substituted by 1 or 2 hydroxy groups) and d- 
4 alkyl substituted by C w alkoxy and wherein R 9 and R 10 can together with the nitrogen to 

20 which they are attached form 4- to 6-membered ring where the ring is optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the ring may be 
optionally substituted on two adjacent carbons by -0-CH 2 -0- to form a cyclic acetal wherein 
one or both of the hydrogens of the -O-CH 2 -0- group may be replaced by a methyl; 
R u is selected from hydrogen, C w alkyl, hydroxyCi. 4 allcyl; 

25 or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

Yet another preferred class of compound is of the formula (1) wherein; 

is a single bond; 

XisN; 

30 R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 

R 6 is halo; 
R 7 is hydrogen; 
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A is phenylene; 
n is 0,1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
5 methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoC M alkyl, and Ci«4alkyl (optionally substituted by 1 or 2 R 8 
groups); 

R 8 is independently selected from hydroxy, C3.7cycloalkyl, phenyl, 2,2-dimethyl-l,3- 

10 dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, 
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, 
C M alkanoyl, Ci^alkylS(0) b - (wherein b is 0, 1 or 2), C 3 ^cycloalkylS(0) b - (wherein b is 0, 1 
or 2), arylS(0)b- (wherein b is 0, 1 or 2), heterocyclylS(OV (wherein b is 0, 1 or 2), - 

15 C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHG M alkyl, 
-C(=N-OH)N(C M alkyl) 2 ,-N(OH)CHO, -COCOOR 9 , -NHC(0)R 9 , (R 9 )(R 10 )NSO 2 -, 
-COCH 2 OR n and-NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyl(Ci^alkyl), Ci^alkyl (optionally substituted by 1 or 2 hydroxy groups) and Ci- 

20 4alkyl substituted by Ci^alkoxy and wherein R 9 and R 10 can together with the nitrogen to 
which they are attached form 4- to 6-membered ring where the ring is optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the ring may be 
optionally substituted on two adjacent carbons by -O-CH2-O- to form a cyclic acetal wherein 
one or both of the hydrogens of the -O-CH2-O- group may be replaced by a methyl; 

25 R 11 is selected from hydrogen, Cj^alkyl and hydroxyCi^alkyl; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof 

Another preferred class of compounds is of formula (1) wherein: 
is a single bond; 
30 XisN; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
R 6 is chloro; 
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R 7 is hydrogen; 
A is phenylene; 
n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
5 difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoCMalkyl, and Ci^alkyl (optionally substituted by 1 or 2 R 8 
groups); 

10 R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l ,3-dioxolan-4-yl; 

2,2-dime%l-l,3-dioxan-4-yl; 2,2-dimethyl-l, 3-dioxan-5-yl, 1,2,4-oxadiazolyl, 1,3,4- 
oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, tetrahydrofuryl, 
tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, C M alkanoyl, d. 
4 alkylS(0) b - (wherein b is 0, 1 or 2), C 3 ^cycloalkylS(0) b - (wherein b is 0, 1 or 2), arylS(0) b - 

15 (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wherein b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), 
-COOR 9 , -C(0)NHS02Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, -C(=N- 
OH)N(Ci^alkyl) 2 and -NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyl(Ci- 4 alkyl), C M alkyl (optionally substituted by 1 or 2 hydroxy groups) and C } . 

20 4 alkyl substituted by Ci. 4 alkoxy and wherein R 9 and R 10 can together with the nitrogen to 
which they are attached form 4- to 6-membered ring where the ring is optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy or the ring may be 
optionally substituted on two adjacent carbons by -O-CH2-O- to form a cyclic acetal wherein 
one or both of the hydrogens of the -O-CH 2 -0- group may be replaced by a methyl; 
25 or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 

Another preferred class of compound is of the formula (1) wherein: 
is a single bond; 
Xis N; 

30 R 4 and R 5 are together -S-C(R 6 )=C(R 7 )-; 

R 6 is hydrogen or halo; 
R 7 is hydrogen or halo; 
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A is phenylene; 
n is 0, 1 or 2; 

R l is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S02Me and, (when n is 2) 
5 methylenedioxy; 

R 2 is hydrogen; 

R 3 is selected from cyanoCi-4alkyl, and CMalkyl (optionally substituted by 1 or 2 R 
groups); 

R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l,3-dioxolan-4-yl; 

10 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4-oxadiazolyl, 1,3,4- 
oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, tetrahydrofuryl, 
tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, Ci^alkoxy, Ci-4alkanoyl, Ci. 
4 alkylS(0) b - (wherein b is 0, 1 or 2), C 3 -6cycloalkylS(0) b - (wherein b is 0, 1 or 2), arylS(0) b - 
(wherein b is 0, 1 or 2), heterocyclylS(0)b- (wherein b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), 

15 -COOR 9 , -C(0)NHS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHC M alkyl, -C(=N- 
OHMQ^alkyl)* and-NHSOzR 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyl(C M alkyl), C M alkyl (optionally substituted by 1 or 2 hydroxy groups) and C x . 
4 alkyl substituted by Ci^alkoxy and wherein R 9 and R 10 can together with the nitrogen to 

20 which they are attached form 4- to 6-membered ring where the ring is optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy or the ring may be 
optionally substituted on two adjacent carbons by -0-CH 2 -0- to form a cyclic acetal wherein 
one or both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

25 

A further preferred class of compound is of the formula (1) wherein; 

is a single bond; 

XisN; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
30 R 6 is halo; 

R 7 is hydrogen; 
A is phenylene; 



WO 03/074532 



PCT/GB03/00877 



-34- 

n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S0 2 Me and, (when n is 2) 
methylenedioxy; 
5 R 2 is hydrogen; 

R 3 is selected from Ci^alkyl (optionally substituted by 1 or 2 hydroxy groups); 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 

A further preferred class of compound is of the formula (1) wherein; 

10 is a single bond; 

XisN; 

R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 
R 6 is halo; 
R 7 is hydrogen; 
15 A is phenylene; 

n is 0, 1 or 2; 

R 1 is independently selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, methoxy, -SMe, -SOMe, -S02Me and, (when n is 2) 
methylenedioxy; 
20 R 2 is hydrogen; 

R 3 is selected from cyanoQ^alkyl, and Ci^alkyl substituted by R 8 ; 
R 8 is independently selected from hydroxy, Ci-4alkylS(0)b- (wherein b is 0, 1 or 2), 
-NHC(0)R 9 and -C(0)N(R 9 )(R 10 ); 

R 9 and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
25 heterocyclyl(CMalkyl), C M alkyl (optionally substituted by 1 or 2 hydroxy groups) and C u 
4 alkyl substituted by CMalkoxy, and wherein R 9 and R 10 together with the nitrogen to which 
they are attached form a 4- to 6-membered ring selected from piperidine, 4-hydroxy 
piperidine, pyrrolidine, 3,4-dihydroxypyrrolidine and the dimethylacetal of 3,4- 
dihydroxypyrrolidine; 
30 or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

Another class of compounds is of the formula (1) wherein 
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— is a double bond; 

XisN; 6 
r 4 and R 5 are together ^(R 7 )=C(R 6 >S- or -S-C(R 7 )=C(R )-; 

R 6 is hydrogen or halo; 
5 R 7 is hydrogen or halo; 

A is phenylene; 
n is 0,1 or 2; 

R- is independentty selected from halo, cyano, nitro, hydroxy, methyl, fluoromethyl, 
diflaorometttyLMfluorometttyl, methoxy, -SMe, -SOMe, -S 0j Me and, (when n ts 2) 

10 methylenedioxy; 

R 2 is hydrogen; g 
R* is selected from C^alkyl (optionally substituted by 1 or 2 R groups); 
R- is independently selected from hydroxy, C 3 . 7 cycloalkyl, phenyl, 2,2-dimethyl-l,3- 
dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan^yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 
15 oxadiazolyl, 1,3,4-oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrxolidinyl, pipendyl 
tetrahydrofury^ and tetrahydrothienyl, C^oxy 

C^WWaV (whereinbisO,lor2),C, 6 cycloallcylS(OV (wherein b » 0, 1 
or 2) arylS(0) b - (wherein b is 0, 1 or 2), heterocycl y lS(0) b - (wherein b is 0, 1 or 2), - 
C(0)N(R 9 )(R 10 ), -COOR* , -C(0 )N HS0 2 Me, -C(=N-OH)NH 2 , -C(=N-OH)NHCMalM, 
20 W^lk-N^O, . C OCOOR',NHC(O)R',(R 9 )(R 10 )NSO 2 -, 

-COCH 2 OR u and-NHS0 2 R 9 ; 

R' and R 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyKCMalkyl), OmW (optionally substituted by 1 or 2 hydroxy groups) and C,. 

25 wh ichmeyareattachedfo^^ 

on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the nng may be 
optionally substituted on two adjacent carbons by-0-CH,0- to form a cycUc acetal wherem 
one or both of the hydrogens of the -O-CH 2 -0- group may be replaced by a methyl; 
R» is selected from hydrogen, C M alkyl and hydroxyC^alkyl; 

30 or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 
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A further class of compound is of formula (1) wherein: 
' rrrz " is a single bond; 

rW are together -C(R 7 )=C(R 6 )-S- or -S-C(R 7 )=C(R 6 )S 

5 R 6 is hydrogen or halo; 

R 7 is hydrogen or hydrogen; 
A is heteroarylene; 
nisO, 1 or 2; 

R. is undent* M *» halo, cyano, mtro, hydroxy, methyl fh.oroms.hy!, 
,0 dtftaoromChyl. -toy, -SMe, -SOMc, ■SO.Me and, (when . is 2) 

methylenedioxy; 

R 2 is hydrogen; 

R' is selected from Cm** (optionally substituted by 1 or 2 R groups); 
R«i. independently selected from hydroxy, C3- 7 cycloallcyl, phenyl, 2,2-dimethyl-l,3- 
15 dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl, 1,2,4- 
oxadiazolyl, l 3 ,4^xadiazolyl, triazolyl, tetrazolyl, ^ 

tet^ydxofuryl.te^^ andtetrahydrothienyl, C^Dny. 

C^WW (w hereinbis0,lor2),C3,cycloallcylS(O) b - (wherem b ,s 0, 1 
or2) arylSCOV (wherein b is 0, 1 or 2), heterocyclylS(OV (wherein b is 0, 1 or 2), - 

20 C(O^V), -COOR* , -0(0)™, -C(=N-OH)NH 2 , *W 
^W,*^ .C0C00R',-NHC ( 0)R',CRW°)NS0 2 -, 

-COCH 2 OR n and-NHS0 2 R 9 ; 

R» andR 10 are independently selected from hydrogen, hydroxy, phenyl, heterocyclyl, 
heterocyclyKCuallcyl), C^aUcyl (optionally substituted by 1 or 2 hydroxy groups) and C, 

which they are attachedform 4- to 6-memberedring where the ringis optionally substituted 
on carbon by 1 or 2 substituents selected from hydroxy or carboxy, or the nng may be 
optionallysubstituted on two adjacent carbons by -O-CH 2 -0- to form a cyclic acetal wherem 
one or both of the hydrogens of the-0-CH 2 -0- group may be replaced by a methyl; 
30 R 11 is selected from hydrogen, C^aUcyl and hydroxyC^alkyl; 

' or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 
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In another aspect of the invention, a preferred class of compound is of the formula (1) 
wherein; 

— is a single bond; 
Xis CH; 

5 R 4 and R 5 are together ^(R 7 )=C(R 6 )-S-; 

R 6 is halo; 
R 7 is hydrogen; 
A is phenylene; 
nisi or 2; 

10 R 1 is independently selected from hydrogen, halo, cyano, nitro, hydroxy, fluoromethyl, 

difluoromethyl, trifluoromethyl, C w alkoxy and 

R 1 is of the formula A' or A": 

"(CH 2 ) r 

[V-Os 



\OH) x 

(A') -CH J CH(OH)(CH J XCO J H (A") 

wherein x is 0 or 1, r is 0, 1, 2 or 3 and s is 1 or 2; provided that the hydroxy group is not a 
15 substituent on the ring carbon adjacent to the ring oxygen; 
R 2 is hydrogen; 

R 3 is selected from C^alkyl (optionally substituted by 1 or 2 hydroxy groups provided 
that when there are 2 hydroxy groups they are not substituents on the same carbon), cyanoC, 
4 alkyl, and C M alkyl [substituted by 1 or 2 R 8 groups (provided that when there are 2 R 
20 groups they are not substituents on the same carbon)]; 

{R 8 is independently selected from hydroxy, heterocyclyl, CMalkanoyl, CMalkoxy, C,. 
4 alkanesulfinyl, C^alkanesulfonyl, -COCOOR*, (R^NCO-, -COCH 2 OR», (R>)(R 10 )N-, 
-COOR 9 and 2,2-dimethyl-l,3-dioxolan4-yl; 

[R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl (optionally 
25 substituted by 1 or 2 hydroxy groups provided that when there are 2 hydroxy groups they are 
not substituents on the same carbon) and CMalkyl substituted by Cl . 4 alkoxy and wherein R 
and R 10 can together with the nitrogen to which they are attached form 4- to 6-membered ring 
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where the ring is optionally substituted on carbon by 1 or 2 substituents selected from hydroxy 
or carboxy; 

R 11 is selected from hydrogen, C M alkyl, Cualtaxy and hydroxyCwalkyl]}; • 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof; 
5 with the proviso that the compound of formula (1) is not: 

ii. 2-cMoro-5-[JM2-oxo-l,2,3^ 
fc]pyrrole; or 

iii. 2-cMoro-5-[AKl-methyl-2-oxo-l ) 2,3^^ 
tMeno[2,3-fc]pyrrole. 

10 

In another aspect of die invention, another preferred class of compounds is of formula 
(1) wherein: 

is a single bond; 
XisCH; 

15 R 4 and R 5 are together -C(R 7 )=C(R 6 )-S-; 

R 6 is chloro; 
R 7 is hydrogen; 
A is phenylene; 
n is 1 or 2; 

20 R 1 is independently selected from hydrogen, halo, nitro, hydroxy, C^aUcyl, Cualkoxy 

and 

R 1 is of the formula A' or A": 
"(CH 2 ) r 

0v hKoh) x 

O (A .) -CH J CH(OH)(CH s ) u CO J H (A") 

wherein x is 0 or 1, r is 0, 1, 2 or 3 and s is 1 or 2; provided that the hydroxy group is not a 
25 substituent on the ring carbon adjacent to the ring oxygen; 
R 2 is hydrogen; 

R 3 is selected from C^aUcyl (optionally substituted by 1 or 2 hydroxy groups provided 
that when there are 2 hydroxy groups they are not substituents on the same carbon), cyanoC;. 
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4 alkyl, and C M alkyl [substituted by 1 or 2 R 8 groups (provided that when there are 2 R 8 
groups they are not substituents on the same carbon)]; 

{R 8 is independently selected from hydroxy, heterocyclyl, C M alkanoyl, Ci^alkoxy, 
C^alkanesulfinyl, C M alkylsulfonyl, -COCOOR 9 , (R 9 )(R 10 )NCO-, -COCH 2 OR n , (R 9 )(R 10 )N- 
5 , -COOR 9 and 2,2-dimethyl-l,3-dioxolan-4-yl; 

[R 9 and R 10 are independently selected from hydrogen, hydroxy, C^aHcyl (optionally 
substituted by 1 or 2 hydroxy groups provided that when there are 2 hydroxy groups they are 
not substituents on the same carbon) and C^alkyl substituted by Ci^allcoxy and wherein R 9 
and R 10 can together with the nitrogen to which they are attached form 4- to 6-membered ring 
10 where the ring is optionally substituted on carbon by 1 or 2 substituents selected from hydroxy 
or carboxy; 

R u is selected from hydrogen, C M alkyl, Ci^alkoxy and hydroxyCi^alkyl]}; 
or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof; 
with the proviso that the compound of formula (1) is not: 
15 ii. 2-chloro-5-[W-(2-oxo4,2,3,4-tefr^ 
&]pyrrole; or 
iii. 2-chloro-5-[JV-(l-me%l-2-ox 
thieno[2,3-fe]pyrrole. 

20 

In another aspect of the invention, another preferred class of compound is of the formula (1) 
wherein: 

is a single bond; 
Xis CH; 

25 R 4 and R 5 are together -S-C(R 6 )=C(R 7 )-; 

R 6 is hydrogen or halo; 
R 7 is hydrogen or halo; 
A is phenylene; 
n is 1 or 2; 

30 R 1 is independently selected from hydrogen, halo, nitro, hydroxy, CMalkyl, Ci^alkoxy 

and 

R 1 is of the formula A' or A": 
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-(CH 2 ) r 

°Y^(OH) x 

0 (A') -CH 2 CH(OH)(CH 2 ) u C0 2 H (A") 

wherein x is 0 or 1, r is 0, 1, 2 or 3 and s is 1 or 2; provided that the hydroxy group is not a 
substituent on the ring carbon adjacent to the ring oxygen; 

R 2 is hydrogen; 

5 R 3 is selected from C M alkyl (optionally substituted by 1 or 2 hydroxy groups provided 

that when there are 2 hydroxy groups they are not substituents on the same carbon), cyanoCi- 
4 alkyl, and Ci^alkyl [substituted by 1 or 2 R 8 groups (provided that when there are 2 R 8 
groups they are not substituents on the same carbon)]; 

{R 8 is independently selected from hydroxy, heterocyclyl, d. 4 alkanoyl, Ci- 4 alkoxy, 
10 C M alkanesulfrayl, C^alkylsulfonyl, -COCOOR 9 , (R 9 )(R 10 )NCO-, -COCH 2 OR n , (R 9 )(R 10 )N- 
, -COOR 9 and 2,2-dimethyl-l,3-dioxolan-4-yl; 

[R 9 and R 10 are independently selected from hydrogen, hydroxy, Ci^alkyl (optionally 
substituted by 1 or 2 hydroxy groups provided that when there are 2 hydroxy groups they are 
not substituents on the same carbon) and Ci^alkyl substituted by Ci^alkoxy and wherein R 9 
15 and R 10 can together with the nitrogen to which they are attached form 4- to 6-membered ring 
where the ring is optionally substituted on carbon by 1 or 2 substituents selected from hydroxy 
or carboxy; 

R 11 is selected from hydrogen, C^aHcyl, Ci^alkoxy and hydroxyC M allcyl]}; 
or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof; 
20 with the proviso that the compound of formula (1) is not 2,3-dichloro-5-[A^-(2-oxo-l,2,3,4- 
tetrahydroquinol-3-yl)carbamoyl]-4jff-thieno[3,2-&]pyrrole. 

In another aspect of the invention, preferred compounds of the invention are any one of: 
2^hloro-tf-[l-(methoxycarbonylm^ 
25 thieno[2,3-&]pyrrole-5-carboxamide; 

AKl-(carboxymethyl)-2-oxo-l,2,3^^ 
£]pyrrole-5-carboxamide; 

2-cUoro-A r -[l-(carbamoylmethyl)-2-oxo-l,2,3,4-tetrahydroquinohn-^ 
&]pyrrole-5-carboxamide; 
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thieno[23-%ytfole-5-carboxamide; 
2-cMoro-N-tl^-methylcarbamoylmethyl)^ 
thieno[2,3-fe]pyrrole-5-carboxamide; 
5 2-chloro-tf-[l -(tf-hydroxy^^ 6H " 

thieno[2,3-6]pyirol e - 5 - calboxamid6; van 
2^oro-AMl-[^^ 
6H-thieno[2,3-6]pyirol e - 5 - carboxainide; 
2-chloro-tf-[l-^^ 
10 &]pyrrol-5-ylcarboxamide; 

2-cMoro-N-[l-(2,3-di^^ 
ilpyrrole-5-carboxamide; 

2^oro-tf-(H(2*^^^^ 
3(R5)-yl}-6H-thieno[2,3-fc]pyrrole-5-carboxamide; 

15 2-cbloro-iV-[l<2(5)>dihydroxypropyl)-2-oxo^ 

thieno[2,3-fc]pyrrole-5-carboxamide; 
2-chloro^[l-(2 ) 2-di m ethyl-l>dioxolan-4(/ ? )-ylmethyl)-2-ox^ 

3(i? S)-yl]- 6H-thietio[2,3-&]py«ol e - 5 - caiboxamide 

2-cUoro-JHM2TO^ 
20 thieno[2,3-&]pyirole-5-caiboxamide; 

2-cWoro-AHH^^ 
yl}-6H-thieno[2,3-&]pyn»le-5-carboxamide; 

2-cMoro-N-{l-[^-(l,3-dihydroxyprop-2-yl)carbamoylmethyl]-2-oxo-l ) 2,3,4- 

tetrahydroquinoUn-3^^ 

25 w^l^Wk-^^ 
6H-thieno[2,3-fc]pyrrole-5-carboxamide; 

oxoethyl}-2-oxo-l,23,4-tetrahydroquinolin-3-yl)-6H^ 

2 -cWoio-i\Kl-{2-[(«^ 
30 tetrahydroquino^^^ 

tbieno[2,3-fe]pyrrole-5-carboxamide; 
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2- cMoro-iV-{l-[(2,2-cta^ 
ylJ-eH-thienoP^-^pynrole-S-carboxamide; 
2^Moro-iV , -{l-[3-hydroxy-2-(hydroxymethyl)propy^ 
6J7-thieno[2,3-&]pyn , ole-5-carboxamide; 

5 2>dfcWoro-N-{l-[(2,2-dime^ 

3- yl}^if-thieno[3,2-fe]pyrrole-5-carboxainide; 
23-dichloro-JV-{l-[3-hydro^ 
yl}^H-tMeno[3,2-&]pyrrole-5-carboxamide; 
2^hloro-N-(l-{2-[(2,3-d&^^ 

10 tetrahydroquinottn-3^ 

2^Moro-N-{l-[2Kmethoxy)et^ 
fe]pyrrole-5-carboxamide; 
2-cMoro-iV-[Hcyanomethyl)-2^ 
5-carboxamide; 

15 2-cMoro-AMH(3-me^ 

yl}-6H-thieno[2,3-fe]pyrrole-5-carboxamide; 

2-cMoro-iV-[2-oxo-l-(m-tefr^^ 
&]pym>le-5-carboxamide; 
2-chloro-AHl-{2-[(met^ 
20 yl)-6/?-thieno[2,3-6]pyrrole-5-carboxamide; 
N-{H(2Z)-2-anuno-2-(hydro^ 
6H-tWeno[23-i]pynrole-5-carboxamide; 

2-chloro-iV-{ 2-oxo4-[(5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yl)methyl]-l ,2,3,4- 

tetrahydroquinoUn-3-yl}-6^^ 
25 AT-{l-[(5-amino-l,3,4-oxadiazol-2-yl)methyl]-2-oxo-l,2,3 

chloro-6if-thieno[2,3-fe]pyrrole-5-carboxamide; 

2-chloro-iV-{l-[2-(methylt^ 

&]pyrrole-5-carboxamide; 

2-chloro-iV-{ l-[2-(me^ 
30 thieno[2,3-fe]pyrrole-5-carboxamide; 

2-chloro-iV-{l-[2-(methylsulfonyl)ethyl]-2-oxo-l,2,3,44etrah^ 

thieno[2,3-i]pyrrole-5-carboxamide; 
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2,3-dichloro-iHl-(methoxy^ 

thieno[3,2-fc]pyrrole-5-carboxamide; 

N-[Hcarboxymethyl)-2-oxo-l,2,3,^ 

fe]pyrrole-5-carboxamide; 
5 2,3-dicMoro-i\KH24iydroxyethy^ 

6]pyrrole-5-carboxamide; 

2,3-dicMoro-iV-A-[(2/9-2,3-dm^^ 

thieno[3 ,2-i]pyrrole-5-carboxamide ; 

2-chloro-N-{ l-[3-(dim^ 
10 6S-tMeno[2^-i]pyrrole-5-carboxamide; 

2^hloro-AH2-oxo-l-[(2-oxo-l,3-dioxan-5-^^^ 

thieno[2,3-i]pyrrole-5-carboxamide; 

2-chloro-A4H3-hydroxypro^^ 

6]pyrrole-5-carboxamide; 
15 2-cWoro-iHH3^methylamino)-3-oxopro^^ 

thieno[2,3-&]pyirole-5-carboxamide; 

2-cmoro-iV-[2-oxo4~(2-oxobutyl)-l ,23 ,4-tetrahydroquinolm 

carboxamide. 

2-chloro-JV-[H2-hydroxybutyl^^ 
20 £]pyirole-5-carboxaniide; 

2,3-dichloro-AH(6S)-7-oxo^ 
6]pyrrole-5-carboxamide; 

2,3-dicMoro-iV-(2oxo- 1 ,2,3 ,4-tetrahydro- 1 ,5-naphthyridin-3-yl)-4i/-thieno[3,2-6]pyrrole-5- 
carboxamide; 
25 2-chloro-iH2-oxo-l,2,3,4-te^^ 
carboxamide; 

AK6-fluoro4,2,3,44etrahydroqui™^ and 
N-(6-methoxy- 1 ,2,3,4-tetrahydroquinoUn-3^ 

or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof. 

30 
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m another aspect of the invention, preferred compounds of the invention are any one of: 

2<hloro-iV-[l-(2-hy^ 

&]pyrrol-5-ylcarboxamide; 

2-chloro-W-(2>dihy^^ 

5 6]pyrrole-5-carboxamide; 

2-chlom-N-[l-(2(5)3-dihydroxypropyl)-2-oxo4,2,3,4-te^^ 

thieno[2,3-fe]pyrrole-5-carboxamide; 
2-cMom-^[l-(2(J?)3-dihydroxypropyl)-2-oxo-l^ 

thieno[2,3-fc]pyrrole-5-carboxamide; 
10 2-chloro-N-{l-[2-(4-hydroxypiperidin4-yl)-2-oxoe« 

yl}-6i?-thieno[2,3-&]pyrrole-5-carboxamide; 

2-chloro-N-UWU^hydroxyp^ 

tetrahydroquinolm-3-yl}-6M^^ 

2-chloro-N-{l-[iV-(2-me^^ 
15 6#-thieno[23-&]pyrale-5-carboxanude; 

Ar-{l-[(2Z)-2-annno-2-(hyclroxviimno)ethyl]-2-oxo-lA 

6fl-tWeno[23-^]pyrrole-5-carboxamide; 

2-chloro-N-(l-{2-[(3 a> 6a-cw)-2,2-dimethyltetrahydro^ 

oxoe%l}-2-oxo-l,2,3,4-tetr^ 
20 2 -chloro-N-(l-{2-[(m)-3,^ 
te trahydroqumolm-3-yl)-6M^ 
2-cWo«)-N.{l-[3-hydioxy-2.(h y dro X vmethyl)propyl>^^ 

6H-thieno[2,3-&]pyrrole-5-carboxamide; 

23-dichloro-iV-{l-[3-hy^^^ 
25 yl }-4H-thieno[3,2-i]pyrrole-5-carboxamide; 

2-chloro-N-(l-{2-[(2,3-dihydroxypropyl)amino]-2-oxoethyl}-2-oxo-l,2,3,4- 

tetrahydroquinotin-3-yl)-6H-thieno[23-&]pyrrole-5-carboxainide; 
2-chloro-iV-{l-[2-(methylsuffinyl)ethyl]-2K)XO-l ) 2,3 > 4-tetrahydroq 

thieno[2,3-6]pyrrole-5-carboxamide; 
30 2 -cMo ro -Ar-{142<memylsulfonyl)ethyl]-2-oxo-l,23,4-te^ 
tbieno[2,3-fc]pyrrole-5-carboxamide; 
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2>dicMoro-i«H2-h y dr^^ 
fc]pyrrole-5-carboxamide; 

2^chloro-W<2^^^ 
lhieno[3,2-l>]pyiTole-5-caitoxaimde; 

Zj]pyrrole-5-caiboxamide; 

2«Uon)-AHH3-<.neW^^ 
thienotM-Wpyrrole-S-carboxamiteand 

10 b]pyrrole-5-carboxamide; 

• a pharmaceutical* acceptable salt or an in vivo hydrolysable ester thereof. 



or; 



Manote aspect of ft. M» !— compounds of the taventa «e «ny one of: 
^hta-W^hyfcox^^^ 

15 b]pyrrol-5-ylcarboxamide; 
2-chioro-tf-[H2^^^ 

thieno[2,3-fc]pyrrol e - 5 - carboxamide; . 

2>dicmoro-;V-(H3«^^ 
yl}^H-thieno[3,2-i]pyrrole-5^arboxainide; 

20 tf- {H (2Z)-2^^ 

6H-thieno[2,3-&]pyrrole-5-carboxamide; 

23-dlcMoro-tf^^ 
thieno[3,2-b]pyrrole-5-carboxamide;and 

^cMoro-WHS-hyd^^ 
25 &]pyrrole-5-carboxamide; 

~ or a pharmaceutical* acceptable salt or an in vivo hydrolysable ester thereof. 

Another aspect of the present invention provides a process for preparing a compound 
of formula (1) or a phannaceutically acceptable salt or an in vivo hydrolysable ester thereof 
30 w Wch P rocess(whereinA^^^^ 
defined in formula (1)) comprises of: 
a) reacting an acid of the formula (2): 
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(2) 

or an activated derivative thereof; with an amine of formula (3): 

R2 ^.( R1 )n 




H 2 N 



5 



(3) 



and thereafter if necessary: 

i) converting a compound of the formula (1) into another compound of the formula (1); 

ii) removing any protecting groups; 

iii) forming a pharmaceutical^ acceptable salt or in vivo hydrolysable ester. 



Process a) Acids of formula (2) and amines of formula (3) may be coupled 
together in the presence of a suitable coupling reagent. Standard peptide coupling reagents 
known in the art can be employed as suitable coupling reagents, or for example 
carbonyldiimidazole, l-ethyl-3-(3-cUme%laminopropyl)carbodi-imide hydrochloride (EDO) 

15 and dicyclohexyl-carbodiimide (DCCI), optionally in the presence of a catalyst such as 1- 
hydroxybenzotriazole, dimethylaminopyridine or 4-pyrrolidinopyridine, optionally in the 
presence of a base for example triethylamine, di-isopropylethylamine, pyridine, or 
2,6-di-alkyl-pyridines such as 2,6-lutidine or 2,6-di-te^butylpyridine. Suitable solvents 
include dimethylacetamide, dichloromethane, benzene, tetrahydrofuran and 

20 dimethylfonnamide. The coupling reaction may conveniently be performed at a temperature in 
the range of -40 to 40°C 

Suitable activated acid derivatives include acid halides, for example acid chlorides, 
and active esters, for example pentafluorophenyl esters. The reaction of these types of 
compounds with amines is well known in the art, for example they may be reacted in the 

25 presence of a base, such as those described above, and in a suitable solvent, such as those 
described above. The reaction may conveniently be performed at a temperature in the range of 



10 



Specific reaction conditions for the above reaction are as follows. 



WO 03/074532 



PCT/GB03/00877 



-47- 

-40to40°C. 

Where R 3 of formula (1) contains an ester group, the conversion of a compound of the 
formula (1) into another compound of the formula (1) may involve hydrolysis of the ester 
group, for example, acid or base hydrolysis, for example using lithium hydroxide. The 
5 reaction of this type is well known in the art. 

Substituted amides wherein R 3 is CH 2 C(0)N(R 9 )(R 10 ) may be prepared from the 
corresponding acids by a coupling reaction using the appropriate amine in the presence of a 
coupling reagent, for example EDCL Alternatively, the acid may first be converted to a mixed 
anhydride, by reaction with, for example, ethyl chloroformate, which is reacted with an 

3 * 

10 appropriate amine to produce the substituted amide. Substituted sulphonamides wherein R is 
CH 2 C(0)NHS0 2 R9 may be prepared similarly, for instance by coupling the compounds 
wherein R 3 is CH 2 C0 2 H with the appropriate substituted sulphonamide in the presence of a 
coupling reagent, for example EDCL 

Compounds of formula (1) wherein R 3 is 2-hydroxyethyl may be prepared by 

15 reduction of the mixed anhydrides described above with, for example, lithium borohydride. 
Compounds of formula (1) wherein R 3 is an oxadiazol-5-ylmethyl group may be prepared by 
reaction of the mixed anhydrides described above with an appropriately substituted 
hydroxyamidine, for example AP-hydroxyethanimidamide, in the presence of a base such as N- 
methylmorpholine. 

20 Compounds of formula (1) wherein R 3 is a tetrazol-5-ylmethyl group may be prepared 

by reaction of the corresponding compounds where R 3 is a cyanomethyl group with an azide, 
for example sodium azide, in the presence of an amine salt, for instance triethylamine 
hydrochloride. Compounds of formula (1) wherein R 3 is 2-amino-2-(hydroxyimino)ethyl may 
be prepared by reaction of compounds wherein R 3 is cyanomethyl with hydroxylamine 

25 hydrochloride in the presence of a base, for example sodium methoxide. 

Compounds of formula (1) wherein R 3 is a 2-(methylsulphonyl)ethyl or 2- 
(methylsulphinyl)ethyl group may be prepared by reaction of the corresponding compounds 
where R 3 is 2-methylthioethyl with an oxidising agent, for example oxone. 

Compounds of formula (1) wherein R 3 is a dihydroxyalkyl group, for example 2,3- 

30 dihydroxypropyl or 2-(hydroxymethyl)-3-hydroxypropyl may be prepared by acid hydrolysis 
of the corresponding compounds of formula (1) wherein R 3 is a protected dihydroxyalkyl 



PCT/GB03/00877 

WO 03/074532 

-48- 

yl)methyl or (2-oxo-l,3-dioxan-5-yl)methyl. 

. R 5 H 

n ii) xylene, A (2b) 



(2a) 



IiOH 
MeOH 
(2) 



Scheme 1 

Compound, offonnola (2a, a.co^iaU, avail* orthey^toown compounds 
or they are prepared by processes known in the art. 



10 formula (6): 

R 4 



(6) 



R 5 H 



by M y converting the oxo gronp to chlorine o, bromine with a haiogenaring agen. such «a 
15 iemperaence * reflux (for example see *** Acid 0- 19U 4, *«> , - 

20 anueeus acid such as anueous hydrogen ehieride (for exampie see C te «~ « !«• 
ma91 esinmehlorideosinga 3 CCO JJ asso.vent,«oformacompo«ndo,d 1 efonn„ 1 a(7). 



WO 03/074532 



PCT/GB03/00877 



-49- 

T V-CCI3 
R5 h 
(7) 

and then hydrolyising the compound of the formula (7), using, for example, aqueous sodium 
hydroxide, at a temperature range of ambient temperature to reflux (for example see J 
5 Heterocycl. Chem. 1980, 17(2), 381-2). 

The compound of formula (6) may be prepared from a compound of formula (12) and 
(13) using conditions known for the Curtius rearrangement (Tetrahedron 1999, 55, 6167): 

'XX 



RS' 



,0 

d 




(12) (13) 
10 The compounds of the formula (10) and (1 1): 



R 4 



R 5 1 



OH R5 ^NHP' 



(10) (11) 

transform into compounds of the formula (12) and (13) respectively. This transformation 
either occurs spontaneously or may be induced with acid or base. 
15 Compounds of the formula (10) and (1 1) may be prepared by introducing a carboxy 

group into a compound of the formula (8) or (9): 
R 4 

J 

(8) 

wherein P' is an amino protecting group such as butoxycarbonyl. 
20 A carboxy group is introduced into the compound of the formula (8) or (9) by reacting 

an alkyl lithium reagent such as n-butyl lithium, in an inert organic solvent such as THF, at 
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low temperature, for example in the range -10°C to -78°C and then forming the compound of 
the formula (10) or (1 1) as appropriate by either 

a) reacting the resulting compound with carbon dioxide; or 

b) by reacting with DMF in the temperature range of -10°C to ambient temperature to 
5 form the corresponding aldehyde and oxidizing the aldehyde to carboxy with standard 

reagents to give the compound of the formula (10) or (11). 

Compounds of the formula (8) and (9) may be prepared from a compound of the 
formula (14) and (15): 

O 




■ 

10 (14) 

using conditions known for the Curtius reaction. 

Compounds of the formula (14) and (15) may be prepared by oxidizing the 
corresponding aldehyde using standard oxidizing reagents such as potassium manganate or 
sodium periodate. 

15 The aldehyde precursor of a compound of the formula (14) or (15) can be prepared 

using standard techniques known in the art. For example, many compounds of the formula 
(14) or (15) may be prepared by introducing the appropriate R 6 and R 7 into a compound of the 
formula (16) or (17) as appropriate: 

Vjf / s \^cho 
\ho \J 

20 (16) (17) 

For example, when R 6 and R 7 are both chloro a compound of the formula (16) or (17) may be 
chlorinated with a chlorinating agent such as chlorine in the presence of aluminium chloride 
or iron (HI) chloride, in an inert organic chlorinated solvent such as dichloromethane or 1,2- 
dichloroethane, followed by treatment with an aqueous base, such as, aqueous sodium 

25 hydroxide. The mono chlorinated compound can be formed in the same way. 



WO 03/074532 PCT/GB03/00877 

-51- 

Compounds of formula (3) may be prepared by reacting an amine of formula (4) 

R2 ^ J R1 )n 




o 

(4) 

with R 3 -L where L is a suitable leaving group (for example chloro, bromo or iodo) in the 
presence of a base such as sodium hydride in a suitable solvent. 

5 Compounds of the formula (4) wherein A is phenylene and is a single bond 

may be made from 3-amino-3,4-dihydroquinolin-2-(lH)-one hydrochloride (/. Med. Chem., 

28, 1985, 151 1-16). Compounds of the formula (4) wherein A is phenylene and is a 

double bond may be prepared by the reductive cyclisation of a compound of formula (18), 
using for example tin (II) chloride in hydrochloric acid, followed by removal of the Boc 
10 protecting group, using for example trifluoroacetic acid. Compounds of formula (18) may be 
prepared by reaction of compounds of formula (19) by reaction with a compound of formula 
(20) in the presence of a base, for example tetramethylguanidine. Compounds of formula (19) 
are commercially available or described in the literature. 

R iiY > 2 Me R i -ti r° Me 

^^^^NHBoc ^XHO BocNH^COOMe 

(18) (19) (20) 

15 Compounds of the formula (4) wherein A is heterocyclylene can be prepared from 

cyclisation of suitably functionalised heterocycles. For example, when A is pyridine, 

H 2 N. .IV H H 2 N 



#5 XO 



(4a) (4b) 

compounds of formula (4a) and (4b) may be prepared from an appropriately substituted nitro- 
20 methyl pyridine or amino-pyridine according to the Schemes 2 and 3:- 
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-co. 



DMF Dimetylacetal R1 
Stepl 




Nal0 4 _^ Ri4 I 

Step 2~*" Sr^CHO 



/^/ N0 2 °^P-oMe Tetramethylguanidine 

^N^CHO BocNH^COOMe ™£ g 



OMe 



r NHBoc 




Step 4 



BocNH^/\/N. 



NaOMe / MeOH / 25°C 
Step5 



R1 



COOMe 
p^NHBoc 



Step 6 



NaH 
R2X 
DMF 



BocNH .-^ISk 



HCI / Dioxan 
Step 7 



"Xt> 



I 

R2 



R2 (1) 



Scheme 2 

Steps 1 and 2 may be carried out by the process described in Tetrahedron 1998, 54(23), 6311- 
6318. 

5 Step 3 may be carried out by the method described in Synthesis 1992 (5) ,487 

Assymetric hydrogenation reactions of olefins as shown in Step 4 are well known (see for 
example, JACS 1993, 115, 10125-10138) and lead to homochiral final products. 
Step 5 may alternatively be carried out by hydrolysing the ester and activating the resulting 
acid with a carbodiimide such as EDCI or DCCI, or by preparing an acid chloride, or 

10 activated ester such as an N -hyckoxysuccinimide ester. Suitable bases are organic base such 
as triethylamine or di-isopropylethylamine (DEPEA) or l,8-diazabicyclo[5.4.0]undec-7-ene 

PBU). 
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In Step 6 X is a leaving group, for example CI, Br, I , OMesyl. In Step 7 alternative solvents 
such as dichloromethane or other acids such as trifluoroacetic acid can be used. 



PivaloyI chloride 



IT ^NH 2 DCM / EtjN 
2 Stepl 



-■-a. 

N NH 
O 



^V H0 

6r 




N^NH 



n-Butyl Lithium 
DMF 

Step 2 



Step 3 



3M HCI 

100°C 

6Hhs. 



CHO BocNH COOMe 



CK ^OMe 

P^OMe Tetramethylguanidine 



THF 
Step 4 



BocNH^-^. 



NaOMe/MeOH/25°C 



CT N N' 
H 



NaH 
R2X 
DMF 




NHBoc 
NH 2 



BocNH 



R2 



HCI/Dioxan 



R2 (1) 



Scheme 3 

Steps 1, 2, 3 and 4 are described in JOC 1983, 48, 3401-3408. 
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The processes described above and shown in Schemes 2 and 3 may also be applied to 
other isomeric pyridines or six membered heterocycles containing more than one nitrogen. 

Compounds of the formula (4) wherein A is heteroarylene and there is a bridgehead 
nitrogen, for example a compound of formula (4c), 



H 2 N 



(4c) 

may be prepared by cyclisation of a compound of the formula (21): 



,NHP 



1 



'2' 

(21) 

10 wherein P is an amino protecting group such as triphenylmethyl. This transformation is 
induced by heating compounds of the formula (21) to reflux in a solvent, for example, 
ethanol. 

Compounds of the formula (21) may be prepared from a compound of the formula (22) 
by hydrogenation using a catalyst such as Pd/C at ambient temperature. 

_/ 

NHP 



CLN^N 



15 <V 

(22) 

Compounds of the formula (22) may be prepared from compounds of the formula (23) 
and (24): 
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R 2 ^OH 0 2 N^ N 
(23) (24) 
using conditions known for the Mitsunobu reaction (Bull. Chem. Soc. Jpn., 1967, 40, 2380). 
Compounds of the formula (23) and (24) are commercially available. 

Compounds of formula (2b) may also be prepared as illustrated in Scheme 4: 

.C0 2 R' 

R y NHP " ^ r v nhp " r vv 

R R^CHO R 6/ ^CHO 




R 6/ ^CHO R N 2 

(8) (25) (26) (2b) 

Scheme 4 

The conversion of compounds of formula (8) into compounds of formula (25) may be carried 
out by directed ortho lithiation reactions (J. Org. Chem, 2001, volume 66, 3662-3670), for 

10 example with n-butyl lithium and (CHO)N(alkyl)2. The protecting group P' in compounds of 
formula (8) must be suitable directing group for this reaction and may be for example - 
C0 2 tBu. Reaction of compounds of formula (25) with LCH 2 C0 2 R where L is a leaving 
group, and replacement of the protecting group P' with an alternative P" (for example - 
COalkyl) according to standard processes, gives a compound of formula (26). This may be 

15 cyclised using a base, for example potassium carbonate or sodium methoxide. 

Compounds of the formula (4) wherein A is heteroarylene and there is a bridgehead 
heteroatom, for example, compounds of the formula (4d) may be made by analogous 
chemistry to that shown for making compounds of the formula (4c). 

° R 3 
(4d) 

20 It will be appreciated that certain of the various ring substituents in the compounds of 

the present invention, for example R 1 , may be introduced by standard aromatic substitution 
reactions or generated by conventional functional group modifications either prior to or 



PCT/GB03/00877 

WO 03/074532 

-56- 

aspeaotihcinvcnnon. S-^^^--^ - *^* 

5 su „^o ( — s .did-— ;*-r^ 

andUwis add (such a, al— icb.onde) under Fnedcl Oaf* condrriona, *. 

amlSona^l991). Hius, if reactanis include groups such as amino, carboxy or hydroxy it may 
^deshub.a.opro^naa^upinson.ofdr.reschonsmantionedte.n. 

Asnitahleprorecnnggroupforsnsnnno or a^ytennno group rs.foraxsmpla.sn^y. 

^up, for exampie an aKanoyi poup such as acetyl, an allroxycarbonyl group, for exanple a 
2 5 ZLyM curoxyc^ony, or ,-bu.oxycarbonyl group, an arylmelhoxycartony, poop, 

L di J (OTte abov.pn^gn.up.n^ M ilyv M ,»i^*o i cco,p K .«»ng 

^upnrayhcronrovcdforcxanrp.e.hyhydro.ysiswi.hasuirah.abascsuc asanas 
SoZUxidc.forcxanrpMdnunrorsc^urnhydroxidc.A— ,y an acyl ^P such 
^-hlxycarhony^up.ayha — for exa»p.e, by rreahnen « — 
» hydrochloric, sulphuric or phosphoric acid or uifluoroacetic acid and an 



WO 03/074532 



PCT/GB03/00877 



-57- 

arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for example, 
by hydrogenation over a catalyst such as paUadium-on-carbon, or by treatment with a Lewis 
acid for example boron tris(trifluoroacetate). A suitable alternative protecting group for a 
primary amino group is, for example, a phthaloyl group which may be removed by treatment 
5 with an alkylamine, for example dimethylaminopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 
arylmethyl group, for example benzyl. The deprotection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 

10 group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide. 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by 
hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protecting group for a carboxy group is, for example, an esterifying group, 

15 for example a methyl or an ethyl group which may be removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a f-butyl group which may be removed, 
for example, by treatment with an acid, for example an organic acid such as trifluoroacetic 
acid, or for example a benzyl group which may be removed, for example, by hydrogenation 
over a catalyst such as paUadium-on-carbon. 

20 The protecting groups may be removed at any convenient stage in the synthesis using 

conventional techniques well known in the chemical art. 

Certain intermediates in the preparation of a compound of the formula (1) are novel 
and form another aspect of the invention. 

As stated hereinbefore the compounds defined in the present invention possesses 

25 glycogen phosphorylase inhibitory activity. This property may be assessed, for example, using 
the procedure set out below. 

Assay 

The activity of the compounds is determined by measuring the inhibitory effect of the 
30 compounds in the direction of glycogen synthesis, the conversion of glucose- 1 -phosphate into 
glycogen with the release of inorganic phosphate, as described in BP 0 846 464 A2. The 
reactions were in 96well microplate format in a volume of 100^1. The change in optical 
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density due to inorganic phosphate formation was measured at 620nM in a Labsystems iEMS 
Reader MF by the general method of (Nordlie R.C and Arion WJ, Methods of Enzymology, 
1966, 619-625). The reaction is in 50mM HEPES (N-(2-Hydroxyethyl)piperazine-N^(2- 
ethanesulfonic acid);4-(2-Hydroxyethyl)piperazine-l-ethanesulfonic acid), 2.5mM MgCl 2 , 

5 2.25mM ethylene glycol-bis(b-aminoethyl ether) NMN\N'-tetoaacetic acid, lOOmM KC1, 
2mM D-(+)-glucose pH7.2, containing 0.5mM dithiothreitol, the assay buffer solution, with 
O.lmg type III glycogen, 0.15ug glycogen phosphorylase a (GPa) from rabbit muscle and 
0.5mM glucose-l-phosphate. GPa is pre-incubated in the assay buffer solution with the type 
m glycogen at 2.5 mg ml" 1 for 30 minutes. 40|il of the enzyme solution is added to 25jil assay 

10 buffer solution and the reaction started with the addition of 25|il 2mM glucose-l-phosphate. 
Compounds to be tested are prepared in 10[xl 10% DMSO in assay buffer solution, with final 
concentration of 1% DMSO in the assay. The non-inhibited activity of GPa is measured in the 
presence of 10^d 10% DMSO in assay buffer solution and maximum inhibition measured in 
the presence of 30pM CP320626 (Hoover et al (1998) J Med Chem 41, 2934-8; Martin et al 

15 (1998) PNAS 95, 1776-81). The reaction is stopped after 30min with the addition of 50|il 
acidic ammonium molybdate solution, 12ug ml" 1 in 3.48% H 2 S0 4 with 1% sodium lauryl 
sulphate and lOug ml" 1 ascorbic acid. After 30 minutes at room temperature the absorbency at 
620nm is measured. 

The assay is performed at a test concentration of inhibitor of lOpM or IOOjjM. 

20 Compounds demonstrating significant inhibition at one or both of these concentrations may be 
further evaluated using a range of test concentrations of inhibitor to determine an IC 50 , a 
concentration predicted to inhibit the enzyme reaction by 50%. 

Activity is calculated as follows:- 
% inhibition = (1 - (compound OD620 - fully inhibited OD620)/ (non-inhibited rate OD620 - 

25 MyinhibitedOD620))*100. 
OD620 = optical density at 620nM. 

Typical IC50 values for compounds of the invention when tested in the above assay are 
in the range IOOjxM to InM. 

The activity of the compounds is alternatively determined by measuring the inhibitory 

30 effect of the compounds on glycogen degradation, the production of glucose-l-phosphate from 
glycogen is monitored by the multienzyme coupled assay, as described in EP 0 846 464 A2, 
general method of Pesce et al ( Pesce, M A, Bodourian, S H, Harris, R C, and Nicholson, J F 
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Om Ciinica. Chemistry 23, U71 - 1717). The reactions were in 384weU o^latefonna. 

I NABH is — d - 340»M — 46 5 nm emission In a Tecsn WtB Mu*~l 
MicroplareReader.Thereactionish, 50^H«35-«^«-«*fr 
, 2.5mM ethylene glycol-Ms(b-aminoethyl ethei) N,N,Wv - '-tetraacetic acid, « 

Han, river giycogen ^ . 0* <W) 20nM U pre— - - 

„ aehydrogenaseCSigma)arepreparedin reagent «ee, fna, eoncen-on 0« 

.headdinonofJCnuconpUn^aoluuon.Cornpounda.oba^areprepa^mlOMl 
S^DMSOinaaaaybufferaoluuon.wiu.flnaieo^onofWDMSOinu.eaasay^e 

465nm emission . 

The assay is performer) a, a .eat concentration of inhibitor of WpM or lOO^M. 
Compounds demonstrating inhibition at one or horn o, these concentrations may be 

20 tamer evaluared using a range of tea. concentrations of inhibitor to detennioe anIC*,. 
concentration predicted to inhibit the enzyme reaction by 50%. 
Activity is calculated as follows:- 

inhibited RFUs))* 100. 

M Typical IC» values for compounds of the invention when tested in the above assay are 

intherungelOOpMtolnM. For example. Example 14 gaveanIC.vaiueof2.7uM. 

The inhibitory activity of compounds was further rested in rat primary hepatocv.es. 
Rat hepatoses were isolated by me collagenaae perfusion technique, genera, method of 
S.glenCPO.Segl.n.MemodsCen Biology (1976) 13 29-83). Cells were cuhored on Nunclon 

.ocoae containing 10% foetal calf serum, NEAA (non essential amino acids), Glutantine, 
penicillin /streptomycin ((lOOunits/lOOugyml) for 4 ,o 6 honra. The hepatocytea were then 
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re initiated after 1 8-20 hours culture by washing the ceUs ana 
^to^l^"^— a^Caa^geto.Thetest 

0, e glucose concearatiOR of the KKbs-Hensddt solution m^ured. 

Acco^loa^aspcc.offt.inv.ntion.ho.eisprovidedapharmaceutical 

c „^»ti M v«choo^^acom PO undo fte ^(l).or.pl-m^cal. y 

10 with a pharmaceutically-acceptable diluent or carrier. 

« cable* lozenges, h*d or soft capsu.es, a q ueous or oily suspensions, emulsions, diapers* 
powders or granules, syntps or enxira), for topical use (for exatnple as craams, omenta, 
geis, or aaneous or oUysolutions or suspensions,, for ^^^^^ 

aJusorouysolutio»forintiravenous«^^ 

or as a suppository for rectal dosing). 

The compositions of the invention may be obtained by conventional procedums 
20 usingoonventionalph^uticaiexcipien^weUhnownlnmeart ^compositions 
Jm for oralusemay conifer example, one or mom eoiouring, sweeremn & flavounng 

and/or preservative agents. 

Sm^blepharmaceuticalJyaeeepubleexcipientsforatable.formulationmclnde.for 

example, inert dilueoa such as lactose, sodium carbonate, calcium phosphate or cataum 
25 carbonate, granulating and disintegrating agents such as com starch or afgenie actd; bmdmg 
agents such as star*, lubricating agenta such as magnesium stearate, stearic actd or tek; 
native agents such . ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as 
ascorbic acid. Tablet formulations may be nncoated or coated ettherto modify then- 
disintegration and the sub^uen, absorption of tire active ingredient wmun me 
30 ^intestinal tine, or te improve their stability and/or appearance, in either case, ustng 
conventional coating agents and procedutes well known in the art 
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Compositions for oral usu may be in the form of hard .M.^* * «**•» 
acfive ingredient is mixed wi* an M sofid diluent, f* — — carbons* « 

water or an oil such as peanut ofl,Hqmd paraffin, or obveod. 
5 Aqueous suspensions generally contain fire acuve ingredient in My powdered form 

together with one or more spending agents, such as sodium carboxymethylcenulose, 
j^ceumoae, bydmxypropylmethy.cofiulose, sodium alginate, polyvinyLpyrrohdone, gum 

product of an aUcylene oxide with fatty acids (for example polyoxethylene steamte), or 
10 condensationproductsofethyrene oxide witt. long chain aliphattc alcohols, for ex^ple 
heptadeuaemylen^xyoeunol.orcondenaattonproduct.ofemyleneoxidewrmparnales^ 

derived torn fatty acids andahexitolsuch as polyoxyethylene sorbitol monooleare, or 

baptadecaefityleneoxyceanol, or condensation produce of ethylene oxide warn parual esfcm 
,5 derived from fatty acids and a hexitol such as polyoxyemylene sorbirol monooleare, or 
coadensation products o, emylene oxide wim partial earers denved from fatty acids and 
bexito, anhydrides, for example polyene aorbioan monoCea*. Tire aqueous suspends 
my also containoneormorepres^vauvesCsuch as ethyl or mopyl E -hydroxybe„ Z oa,e, anti- 
oxidants (such as ascorbic acid), colouring agents, flavouring agents, and/or sweeaamng 
20 agents (such as sucrose, saccharine or aspartame). 

Oily suspensions may be formulated by suspending me active ingredient m a vegetable 
o„ (such as arachis oil, olive oil, sesame oil or coamu, ofl) or in a mineral oil (such as liqutd 
pantffln). The oily suspensions may also contain a thickening agent such as beeswax, hard 
paraffin or ce*l alcohol. Sweetening agents such as those set on. above, and flavouring 
25 agenumaybeaddedmp^videapalatableoralprep^atton. These compositions may be 
preserved by the addition of an and-oxidant such aa ascorbic acid 

Dispute powders and granules suitable for preparation of an aqueous suspensron by 
me addition of water generally contain me active ingredient together with a dispersing or 
wetting agent, suspendmg agent and one or mcne pr^ative,. Smtable mspemmg or wettmg 
30 agents and suspending agents are exemplified by those already mentioned above. Additional 
excipients such as sweerening, flavouring and colouring agents, may also be present. 



WO 03/074532 PCT/GB03/00877 

-62- 

The pharmaceutical compositions of the invention may also be in the form of 
oil-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, 
or a mineral oil, such as for example liquid paraffin or a mixture of any of these. Suitable 
emulsifying agents may be, for example, naturally-occurring gums such as gum acacia or gum 
5 tragacanth, naturally-occurring phosphatides such as soya bean, lecithin, an esters or partial 
esters derived from fatty acids and hexitol anhydrides (for example sorbitan monooleate) and 
condensation products of the said partial esters with ethylene oxide such as polyoxyethylene 
sorbitan monooleate. The emulsions may also contain sweetening, flavouring and 
preservative agents. 

10 Syrups and elixirs may be formulated with sweetening agents such as glycerol, 

propylene glycol, sorbitol, aspartame or sucrose, and may also contain a demulcent, 
preservative, flavouring and/or colouring agent. 

The pharmaceutical compositions may also be in the form of a sterile injectable 
aqueous or oily suspension, which may be formulated according to known procedures using 

15 one or more of the appropriate dispersing or wetting agents and suspending agents, which 
have been mentioned above, A sterile injectable preparation may also be a sterile injectable 
solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example a 
solution in 1,3-butanediol. 

Compositions for administration by inhalation may be in the form of a conventional 

20 pressurised aerosol arranged to dispense the active ingredient either as an aerosol containing 
finely divided solid or liquid droplets. Conventional aerosol propellants such as volatile 
fluorinated hydrocarbons or hydrocarbons may be used and the aerosol device is conveniently 
arranged to dispense a metered quantity of active ingredient. 

For further information on formulation the reader is referred to Chapter 25.2 in 

25 Volume 5 of Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial 
Board), Pergamon Press 1990. 

The amount of active ingredient that is combined with one or more excipients to 
produce a single dosage form will necessarily vary depending upon the host treated and the 
particular route of administration. For example, a formulation intended for oral 

30 administration to humans will generally contain, for example, from 0.5 mg to 2 g of active 
agent compounded with an appropriate and convenient amount of excipients which may vary 
from about 5 to about 98 percent by weight of the total composition. Dosage unit forms will 
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generally con,* abou. . mg.o — f 

Vo,ume 5 of Comprehensive Medici Chemiatty (Corwin Hans* of Bdrtonal 

Board), Pergamon Press 1990. 
5 ^co.npoeBaoffo^mwiUBOnBallybeado^s.e.ed.oawann-Uoodec 

togemaybede^neebythep— rwhois^ganyparUcularpanent 

M ~» ^ or separae adminiarrauon o, «. individual compona* of *e 
■^SW^ua^.mey^inaaing.o^.c.o.ina^^.For 

categories of treatment: 
20 1) Insulin and insulin analogues; 

and prandial glucose regulars (for example repaglinide, nateghn.de); 
3) msnlin sending agenis including PPARg agonia«a (for example piogliiazone and 
rosiglitazone); 

« 4) Agents that suppress hepatic glucose output (for example metfomnn). 

5) Agen^deeigned^reducemeabsorptonof^ucoaefemmein^netforexampte 

acarbose); 

6) Agentsdesignedtotreatmecompncationsofprolongedhyperglycaenna; 

7) Anti-obesity agents (for example sibutramine and orHstat); 
30 8) Anti-dysUpidaen*aagentssu^^ 

pravastatin); PPARa agonists (fibrates, eg gemfibrozil); bile acid sequestrants 
(cholestyramine); cholesterol absorption inhibitors (plant stands, synthetic 
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. • u-K4*««! /TRATi - * and nicotinic acid and analogues 
inhibitors); bile acid absorption inhibitors (BAH) ana mco 

(niacin and slow release formulations); 

9) Anfihyperrensiv. agen* such as, B W. <* — * *-* ACE ^ f 
MX Calcic antagonist, (eg. nifedipine); Mgrotenstn receptor an.agon.sts (eg 
candesartan), « antagonists and diuretic agents (eg. furosemide, benzthraz.de); 

antiplatelet agents; thrombin antagonists; factor Xamhibitors; facfo, * hm.b.tors); 
antiplatelet agents (eg. aspirin, cloprdogrel); anticoagulants (heparin and U>w 
molecular weight analogues, hirudin) and warfarin; and 

. , ™ch as non-steroidal and-inflammatory drugs (eg. aspmn) 
11) Anti-inflammatory agents, sucn as non ^^ UiWU 

and steroidal anti-irflammatory agents (eg. cortisone). 

the formn,a (1), or a phannaceuticauy aceepuable sal, or in *. hydro.ysabl. eater theme., - 
definedhe^n^fbrua.uran^odofb^of.warm-Wooded^suchasman 

formula (D.oraph^sceudcanyaccepuMesal.or in vfi.hydrolys.Me ester thereof, as 

defined hereinbefore, for use as a medicament. 

According .o an additional aspect of the invention there is provided a compound of the 

definedhere i nbefom,forusea S amed i cam m ,inmeb^en«of W 2diabe K s,in S m.n 

msls.ance.sys.dromeX.hyperins^^^ 
in a warm-blooded animal such as man. 

According to this another aspect of the invention there is provided the use of a 
compound of the formula (1), or a pharmaceuticaHy acceptable salt or m vivo hydrolysable 
ester thereof, as defined hereinbefore in the manufacture of a medicament for use m the 
treatment of type 2 diabetes, insulin resistance, syndrome X, hyperinsuhnaemia, 
hyp erglucagonaemia, cardiac ischaemia or obesity in a warm-blooded animal such as man. 
3 According to this another aspect of the invention there is provided the use of a 

compound of the formula (1), or a pharmaceuticaHy acceptable salt or * viv* hydrolysable 
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ester thereof, as defined to*****—*—''*''*—**'-** 
treatment of type 2 diabetes to a warm-blooded animal such as man. 

According to a further feature of una aspect of the invention there is prided a 

5 such as mat, in need of such treatment which comprises administering to said annual an 
effective amount of a compound of formula (1). 

According <o mis further feature of this aspect of the invention there ia provtded a 

hypergtocagonaetma.caraacia^ 

compound of formula (1). 

According to this further feamre of this aspect of the invention mere is provtded a 
„ BflM do (0 ^ W e2ma*e»iua W an I ^c<^aninml,s^ha,m^in»eedofau=h 

fceatinen. which comprise* administering to aaidammal an effective amount of acompound 

15 of formula (1). • 

As stated above the size of the dose mquired for the therapeutic or prophylactic 

host heated, toe route of administration and toe severity of toe illness being heated. A urn. 
dose in toe range, for example, 1-100 mgftg, preferably 1-50 mgftg is envisaged. 
M m addition to their use in therapeutic medicine, the compounds of formula (1) and 

toeir pharmaceutical acceptable salts are also useful as pharmacologica. tools m toe 
devetopmentandstondarmaationoffevin-oandiu^teatsyatemsfortoeevaluationofthe 

effects of inhibitors of cell cycle activity in laboratory animals such aa cars, dogs, rabbtts, 
monkeys, rata and mice, aa part of the search for new therapeutic agenta. 
M Lt the above other pharmaceutical composition, ptoceas, method, use and medicament 

^ufacmre features, toe ahemative and prefeaed embodiments of toe compounds of toe 

invention described herein also apply. 

Each Example is independently provided as a further aspect of the invention. 
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motion will now be Urn** by the following non-limiting examples to 
which, unless staled otherwise: 
5 « mmpemrums are given in degmes Cdsins CO; operations were earned on « rootn or 

atmosphere of an inert gas such as argon; rtfcnlvP nt 
« 0 sohrdons were dded over enbydroos magnesium sulpha*; evapomnon o, so v., 

10 mmHg) with a bath temperature of up to 60°C; 

1500AvonStreetExtendei,Charlotte S vme,VA22902,USAi 

W in general, me comae of reacts was followed by IK and reaction time, are grven for 
20 illustration only; „wai«Arl hv 

amgen. process development; preparations wem repeal if more mater*! was matured; 

25 aere-ted a. 300 MHz using pe— dimethyl suboxide (DMSO-W as soWen. urdesa 

CDCl 3 ; , , 

(Vir) chemical symbols have their usual meanings; SI units and symbols are used; 
U reduced pressures am gtven as absolute pmasures in Pascals (Pa>; elevated pmasums am 
30 given as gauge pressures in bars; 

Ox) solvent ratios are given in volume : volume (v/v) terms; 
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(x) mass spectra (MS) were run with an electron energy of 70 electron volts in the chemical 
ionisation (CT) mode using a direct exposure probe; where indicated ionisation was effected 
by electron impact (EI), fast atom bombardment (FAB) or electrospray (ESP); values for m/z 
are given; generally, only ions which indicate the parent mass are reported and unless 

5 otherwise stated the value quoted is (M-H)~; 

(xi) The following abbreviations are used: 

SM starting material; 

EtOAc ethyl acetate; 

MeOH methanol; 
10 EtOH ethanol; 

DCM dichloromethane; 
HOBT 1-hydroxybenzotriazole; 
DIPEA di-isopropylethylamine; 

EDCI l-ethyl-3^3-dimethylaimnopropyl)carbodi~imide 
15 hydrochloride; 

Et 2 0 diethyl ether; 

THF tetrahydrofuran; 

DMF iV, N-dimethylformamide; 

HATU 0-(7-Azabenzotriazol-l-yl)-AT,iV,iV',iV'- 
20 tetramethyluroniumhexafluorophosphate 

DMAP 4-dimethylaminopyridine 

TBAF tetrabutylammonium fluoride 

TFA trifluoroacetic acid 

Certain intermediates described hereinafter within the scope of the invention may also 
25 possess useful activity, and are provided as a further feature of the invention. 
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Example 1 : 2-CMoro-A^l-(methoxycarbonvlmethy^^^ 
tefrahvdroQuinolin-3-vl1-6/^ 




5-Carboxy-2-chloro-6ff-thieno[2,3-&]pyn-ole (Method 9; 5.07 g, 25.2 mmol), HOBT 
5 (3.40 g, 25.2 mmol), anhydrous DMF (100 mL) and finally EDCI (4.82 g, 25.2 mmol) were 
added to methyl 3-amino-2-oxo-3,4-dihydroquinoUn-l(2H)-yl)acetate (Method 1; 5.89 g, 25.2 
mmol) and the reaction was stirred for 18 h. The reaction was then diluted with water (200 
mL) and stirred vigorously for 30 min. The resultant precipitate was filtered and washed with 
water (50 mL), EtOAc (2 x 20 mL) and Et 2 0 (2 x 10 mL). The collected solid was further 
10 dried under high vacuum for 6 h to furnish the title compound (8.00 g, 76%) as a pale yellow 
solid. 

l HNMR 3.15 (m, 2H), 3.64 (s, 3H), 4.74 (m, 3H), 7.18 (m, 6H), 8.58 (d, 1H), 11.91 (s, 1H); 
MS m/z MHU18, 420. 



15 Example 2: Airi-(CarboxYmethvl)-2-oxo-l^^ 
6iMhienor2,3-fr1pyrrole-5-carboxamide 




IiOH (1.41 g, 33.6 mmol) in H 2 0 (16.5 mL) was added to a stirring solution of 2- 
chloro-7V-[l-(methoxycarbonyta^ 
20 &]pyrrole-5-carboxamide (Example 1; 7.00 g, 16.8 mmol) in THF (88 mL) and the reaction 
was stirred for 2 h. The reaction was quenched by addition of 1M aqueous HC1 (200 mL) and 
EtOAc (400 mL) and the organic layer was dried (MgS0 4 ), filtered and evaporated. The 
resultant white foam was triturated with hot Et 2 0 (100 mL) cooled, filtered and dried to afford 
the title compound (6.00 g, 89%) as a white solid. 



WO 03/074532 



PCT/GB03/00877 



-69- 

l H NMR 3.14 (m, 2H), 4.52 (d, 1H), 4.75 (m, 2H), 7.03 (m, 3H), 7.18 (s, 1H), 7.27 (m, 2H), 
7.57 (d, 1H), 11.90 (s, 1H), 12.89 (br. s, 1H); MS m/z MK*" 404, 406. 

Example 3: 2-CMoro-Ar-ri-(carbamov^^ 
5 6g-thienor2.3^1pyrrole-5-carboxamide 



Triethylamine (38 pL, 0.27 mmol) then ethyl chlorofonnate (26.1 fiL, 0.27 mmol) 
were added to N-[l-(carboxyme%l)-2-oxo-^^ 

thieno[2,3-6]pyrrole-5-carboxamide (Example 2; 100 mg, 0.25 mmol) in anhydrous THF (2 
10 mL) at 0 °C followed by stirring for 1 h. Concentrated aqueous NH 3 (1 mL) was added and the 
reaction was stirred for a further 1 h. Water (20 mL) and EtOAc (40 mL) were added and the 
organic layer was separated, washed with 1M HC1 (20 mL) and the organic layer was dried 
(MgS0 4 ), filtered and evaporated. The residue was purified by column chromatography 
(MeOH:DCM 1:19) to afford the title compound (56 mg, 56%) as a white solid. 
15 'H NMR 3.15 (m, 2H), 4.23 (d, 1H), 4.67 (d, 1H), 4.82 (m, 1H), 6.88 (d, 1H), 7.05 (m, 2H), 
7.14 (s, 2H), 7.24 (m, 2H), 7.54 (s, 1H), 8.51 (d, 1H), 11.91 (s, 1H); MS m/z MET 403, 405. 

Examples 4-7 

The following examples were synthesised by an analogous method to Example 3: 

20 

Example 4: 2-Chloro-Airi-(iV.;V-dto^ 
tetrahvdroqumoIm-3-^ 

Example 5: 2-Chloro-jV-ri-fiV'-methvlcarbamovImethyl)-2-oxo-l,2,3,4- 
tetrahvdroquinolin-3-yH- 6g-thienor23-Mpvrrole-5-carboxamide 

25 Example 6; ^Chloro^-ri-fjV-hvdroxvcarbamovlmethvD^-oxo-l^^^- 
tetrahvdroquinolip-3-vIl- 6#-thienor23-fr1Pvrrole-5-carboxamide 
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Example 7; 2-Chloro-iV-ll-riV-f2-hvdraxvethvncarba movlmethvll-2-oxo-1^.3,4- 
teti^vdroaiimolin-3-vl>-6H-thienor2.3-ftlDvrro le-5-carboxamide 




Example 


NR J R 2 


J HNMR 


m/z 
MH* 


4 


1 


2.84 (s, 3H), 3.03 (dd, 1H), 3.10 (s, 3H), 3.19 
(app. t, 1H), 4.58 (d, 1H), 4.74 (m, 1H), 4.93 (d, 
1H), 6.87 (d, 1H), 7.03 (t, 1H), 7.09 (s, 1H), 7.18 
(s, 1H), 7.25 (m, 2H), 8.56 (d, 1H), 11.95 (s, 1H). 


431, 
433 


5 


1 

H 


2.60 (s, 3H), 3.05 (dd, 1H), 3.16 (app. t, 1H), 4.37 
(d, 1H), 4.68 (d, 1H), 4.87 (m, 1H), 6.88 (d, 1H), 
7.04 (t, 1H), 7.10 (s, 1H), 7.18 (s, 1H), 7.27 (m, 
2H), 8.00 (m, 1H), 8.52 (d, 1H), 11.91 (s, 1H). 


417, 
419 


6 


V 

H 


3.02 (dd, 1H), 3.17 (app. t, 1H), 4.30 (d, 1H), 4.61 
(d, 1H), 4.84 (m, 1H), 6.92 (d, 1H), 7.05 (t, 1H), 
7.09 (s, 1H), 7.17 (s, 1H), 7.27 (m, 2H), 8.52 (d, 
1H), 8.90 (s, 1H), 10.72 (s, 1H), 11.92 (s, 1H). 


419, 
421 


7 


1 

H 


3.04 (m, 1H), 3.10 (m, 3H), 3.39 (m, 2H), 4.32 (d, 
1H), 4.73 (m, 3H), 6.89 (d, 1H), 7.03 (t, 1H), 7.10 
(s, 1H), 7.17 (s, 1H), 7.27 (app. d, 2H), 8.09 (t, 
1H), 8.53 (d, 1H), 11.92 (s, 1H). 


447, 
449 



5 
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F.vamnle 8 ! 2.Chloro-jV-ri-r2.hvdroxvetb vlV2-oxo.l.2.3.4-tetrahvdronuinoUn-3-yn- 
6g-thienor2.3-MDvrrol-5-vlcarboxamide 



OH 

Triethylamine (0.76 mL, 5.47 mmol) then ethyl chloroformate (0.52 mL, 5.47 mmol) 
5 were added to ^-[l-(carboxymethyl)-2-oxo-l,2,3,4-teti^ydroquinolin-3-yl]-2-cnloro-6^- 
thieno[2,3-&]pyrrole-5-carboxamide (Example 2; 2.0 g, 4.97 mmol) in anhydrous THF (40 
mL) at 0 °C foUowed by stirring for 1 h. LiBH* (2.0 M in THF, 3.1 mL, 6.21 mmol) was 
added slowly and the mixture stirred for a further 30 min. The reaction was carefully 
quenched with 1M HC1 (200 mL) and EtOAc (400 mL) and the organic layer was further 
10 washed with sat. aqueous NaHC0 3 (100 mL), brine (100 mL), dried (MgS0 4 ), filtered and 
evaporated. The residue was triturated with refluxing Et 2 0 (30 mL) and after cooling the solid 
was filtered and dried to afford the title compound (1.70 g, 88%) as a white solid. 
*H NMR 3.04 (m, 2H), 3.59 (m, 2H), 3.91 (m, 1H), 4.01 (m, 1H), 4.72 (m, 1H), 4.83 (m, 1H), 
7.18 (m, 6H), 8.48 (d, 1H), 11.90 (s, 1H); MS m/z MET 390, 392. 

15 

Example 9: 2-CMoroW-ri-f23-dihvdroxYpropvn-2-oxo-iq .3.4-tetrahvdroqiunoHn-3- 
Yn-6g-tbienor23-61pvrrole-5-carboxamide 



6M Aqueous HC1 (1.47 mL) was added to AT-{l-(2 > 2-dimethyl-l,3-dioxolan-4- 
20 ylmetoyl)-2-oxo-l,2,3,4-tetrahydroqm 

carboxamide (Method 3; 340 mg, 7.45 mmol) in THF (14 mL) and the reaction was stirred 
for 4 h. The reaction was quenched by addition of triethylamine (1.5 mL) then diluted with 
water (30 mL) and EtOAc (40 mL). The organic layer was separated, dried (MgS0 4 ), filtered 
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and evaporated The residue was triturated with hot Et 2 0 (10 mL) and after cooling was 
filtered and dried to afford the tide compound (260 mg, 83%) as white solid. 
*HNMR 3.07 (m, 3H), 3.81 (m, 2H), 4.01 (m, 2H), 4.71 (m, 3H), 7.16 (m, 6H), 8.45 (app. d, 
1H), 11.91 (s, 1H); MS m/z MET 420, 422. 

Example 10: 2-Chloro-iV-l l-r(2,2-dimethvl-l J-dioxolan-4(^ 
tetrah^droj^^ 



The title compound was prepared as described for Method 2 using [(4#)-2,2- 
10 dimethyl-l,3-dioxolan-4-yl]methyl methanesulfonate (/. Med. Chem., 26, 1983 950-57), 
followed by the coupling procedure of Method 3. 

*HNMR 1.32 (s, 1.5H), 1.33 (s, 1.5H), 1.37 (s, 1.5H), 1.42 (s, 1.5H), 2.88 (m, 1H), 3.63 (m, 
1H), 3.78 (app. t, 1H), 3.90 (dd, 0.5H), 4.04 (dd, 0.5H), 4.14 (m, 1H), 4.33 (m, 2H), 4.68 (m, 
1H), 6.82 (m, 2H), 7.10 (m, 1H), 7.27 (m, 4H), 10.94 (br. s, 1H); MS m/z MNa + 482, 484. 



Example 11: 2-Chloro-A r -ri-(2(S^-dihYdroxTO^ 
3(jg,5)-vn-6g-thienor2.3-61pvrrole-5-carboxamide 



hctA 

HO 

The title compound was prepared (as a mixture of diastereoisomers) by acid hydrolysis 
20 as described for Example 9 starting with 2-chloro-A^-[l-(2,2-dimethyl-l,3-dioxolan-4(5)- 
ylmethyl)-2-oxo-l,2,3,4-tetrahydroqu^ 
carboxamide (Example 10). 




15 
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! H NMR 3.07 (m, 3H), 3.81 (m, 2H), 4.01 (m, 2H), 4.71 (m, 3H), 7.16 (m, 6H), 8.45 (app. d, 
1H), 11.91 (s, 1H); MS m/z MET 420, 422. 

Purification of the product by HPLC afforded the two individual diastereoisomers 
2-cMoro-W-[l-(2(S),3-mhydroxypropy^^^ 
5 thieno[2,3-&]pyrrole-5-carboxamide, and 
2-cMoro-A41-(2(S),3-dmydroxypropyl)-2-^^^ 
thieno[2,3-£>]pyrrole-5-carboxamide 
as white solids (stereochemistry not assigned): 
First eluting: 

10 *H NMR 3.10 (m, 2H), 3.25 (m, 2H), 3.72 (m, 1H), 3.88 (dd, 1H), 4.03 (dd, 1H), 4.58 (t, 1H), 
4.69 (q, 1H), 4.78 (d, 1H), 7.04 (m, 2H), 7.16 (s, 1H), 7.28 (m, 3H), 8.47 (d, 1H), 11.93 (s, 
1H); MS m/z 420 
Second eluting: 

l H NMR 2.98 (dd, 1H), 3.12 (t, 1H), 3.38 (t, 2H), 3.80 (m, 2H), 3.99 (q, 1H), 4.63 (t, 1H), 
15 4.72 (m, 1H), 4.87 (d, 1H), 7.03 (t, 1H), 7.10 (s, 1H), 7.17 (s, 1H), 7.26 (m, 2H), 7.36 (d, 1H), 
8.50 (d, 1H), 11.95 (s, 1H); MS m/z 420 

Example 12 : 2-Chloro-iV-ri-(2.2-dimethvl-1.3-dioxolan-4ffl)-vlm ethvn-2-oxo-1.2 t 3.4- 
teti^vdroQumolm-3(j^5)-vl1-6g-tJiienor23-&lPvrrole-5-ca rboxaiiiide 



The title compound was prepared as described for Method 2 using [(45)-2,2-dimethyl- 
l,3-dioxolan-4-yl]methyl methanesulfonate (/. Org. Chem, 64, 1999 6782-6790), followed by 
the coupling procedure of Method 3. 



^NMR 1.32 (s, 1.5H), 1.33 (s, 1.5H), 1.37 (s, 1.5H), 1.42 (s, 1.5H), 2.88 (m, 1H), 3.63 (m, 
25 1H), 3.78 (app. t, 1H), 3.90 (dd, 0.5H), 4.04 (dd, 0.5H), 4.14 (m, 1H), 4.33 (m, 2H), 4.68 (m, 
1H), 6.82 (m, 2H), 7.10 (m, 1H), 7.27 (m, 4H), 10.94 (br. s, 1H); MS m/z MNa + 482, 484. 
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Example 13; 2-Chloro.A^-ri-r2«\3-dmvdro vYnrnDvlV2-oxo-l,2,3,4-tetrahYdroqninolm- 
3fJ?.y>-vn-6F-thienor23-&lDvrrole-5-carboxamide 



HO 

The title compound was prepared by acid hydrolysis as described for Example 9 
5 starting with 2-chloro-iV-[l-(2,2-dimethyl-l,3-dioxolan-4(i2)-ylmethyl)-2-oxo-l,2,3,4- 
tetrahydroquinoUn-3(/?,S)-yl]-6H-thieno[2,3-&]pyrrole-5-carboxamide (Example 12). 
*H NMR 3.07 (m, 3H), 3.81 (m, 2H), 4.01 (m, 2H), 4.71 (m, 3H), 7.16 (m, 6H), 8.45 (app. d, 
1H), 11.91 (s, 1H); MS m/z MET^O, 422. 

Purification of the product by HPLC afforded the two individual diastereoisomers 

10 2-chlcro-AM(3l9-l-[(2R^ 

thieno[2,3-Z>]pyrrole-5-carboxamide, and 

2-chloro-W-{(3fl)-l-[(2S)-2,3-dmydra^ 

thieno[2,3-fe]pyrrole-5-carboxamide, 

as white solids (stereochemistry not assigned). 

15 First eluting: 

l H NMR 3.10 (m, 2H), 3.25 (m, 2H), 3.72 (m, 1H), 3.88 (dd, 1H), 4.03 (dd, 1H), 4.58 (t, 1H), 
4.69 (q, 1H), 4.78 (d, 1H), 7.04 (m, 2H), 7.16 (s, 1H), 7.28 (m, 3H), 8.47 (d, 1H), 11.93 (s, 
lH);MSm/z420 
Second eluting: 

20 'H NMR 2.98 (dd, 1H), 3.12 (t, 1H), 3.38 (t, 2H), 3.80 (m, ZH), 3.99 (q, 1H), 4.63 (t, 1H), 
4.72 (m, 1H), 4.87 (d, 1H), 7.03 (t, 1H), 7.10 (s, 1H), 7.17 (s, 1H), 7.26 (m, 2H), 7.36 (d, 1H), 
8.50 (d, 1H), 11.95 (s, 1H); MS m/z 420, 422 
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Bja ajigy^ nff im 02 ms^^ms^ 



CI 




title compound (109 nig, 59%) as an off white solid. 

'H NMR (400MHz) f.20-1.52 (nt. 2H>, 1.65-1.90 On, 2H>, 3.05 (n, 2H), 3», 3.80 
J 3H),4.64(dd, 1H),4,5 Ctn.m4.96C* >H>.6.89(d, ^,7.04 <«, 1H).7.» (a, * 
7.19 (s, 1H), 7.28 C. 1H), 8.54 (d, 1H>, 11.93 (s, 1H); MStn/zMH*" 487, 489 

15 

^ 2 ^-^^ .... , r n ^r^y.)carh,moy^.. a^ : 

20 g^BEie is fcatoa a r r ^aaiiiagtei 

t^drafltl ^ pt^hW^lntTrole-^rbottamide 

T~T^ - M J .,^Wirnn..lnt,lin-^-yl> ^ff-thlenotZA: 
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Example 




*H NMR (400Milz) 


m/z 1 


SM (amine) 


15 


OH 
^OH 


3.05 (dd,lH), 3.18 (dd,lH), 3.42 - 


477, 


commercial 


(m, 4H),3.73(m,lH), 4.40 (d, 
1H), 4.63 (m, 2H), 4.77 (m, 2H), 
6.93 (d,lH), 7.05 (t,lH), 7.11 (s, 

1H), 7,19 (s,lH), 7.28 (t, 1H), 
7.88 (d,lH), 8.55 (d,lH), 11.94 

(s, 1H). 


479 
461, 1 




16 




3.05 (dd,lH), 3.25 (m,9H), 4.33 

(d, 1H), 4.73 (.a, ixi), 1 *-°-> v. m » 
1H), 6.90 (d,lH), 7.06 (t,lH), 
7.11 (s, lH),7.19(s, lH),7.29(t, 
1H), 8.20 (t,lH), 8.54 (d,lH), 

11.94 (s, 1H). 


463 


commercial 


1 17 




1.28, 1.29, 1.39, 1.42 (4 x s, 6H), 


529, 


1 Org.Lett., 3, 




3.05 (dd,lH), 3.19 (m,2H), 3.61 


531 


2001 465- 






(quintet, 1H), 3.74 (dd, 1H), 3.88 
(dd, 1H), 4.59 (dd, 1H), 4.84 (m, 
4H), 6.89 (t, lH),7.05(t,lH), 
7.11 (s,lH), 7.19 (s,lH), 7.24 (t, 

1H), 7.30 (d, 1H), 8.56 (d, 1H), 

11.94 (s, 1H). 
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1 7^.4.tetrahy<'-"q"inolin-3f)-^^ie"or2.3-^ 



PCT/GB03/00877 
ole-5-carboxamide 




OH 



1M HC1 aq. (0.46 mL, 0.46 mmol) was added to 2-chloro-N-(l-{2-[(3a,6a-d,)-2,2- 

5 dimethyltetra^ 

Wrtb^tao^^ (EXa " ,ple 1?; ^ 

m nol)inEtOH(6ni)andheatedto70°Cfor3hr S .2MHCl(ln I L)wasaddedandthe 

nnxture heated to 70°C for 18 h. After cooling all volatile, were removed under reduced 

10 resultant solid withEt 2 0 then hexane afforded the titie compound (170 mg, 92%)asanoff 
white solid. 

>H NMR (400MHz) 3.05 (dd, 1H), 3.21 (m, 2H). 3.42 (m, 2H), 3.77 (dd, IB). 4.03 (m. 1H), 
4 14 (m. 1H), 4.51 (dd. 1H), 4.77 (m. 2H), 4.92 (d, 1H), 5.02 (d, 1H). 6.93 (d, 1H), 7.05 (,, 
1H). 7.11 (s. 1H), 7.19 (». 1H). 7.28 (m, 2H>, 8.55 (d. 1H), 11.94 ( S . 1H) ; MS ,Wz MH> 489, 
15 491. 



Trample 19 : There is no Example number 19. 
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Example20: 2-Chloro-Ar-a42.(dimethvlflinino>ethvn-2-o xo-1.2.3.4-tetrahvdroquinoUn 
3-vlV6g-thienor23-Mpvrrole-5-ca rhf>vamide 



5 (dimethylamino)ethyl]-3,4-dihydroquinoUn-2(lfl , )-one (Method 10, 100 mg, 0.427 mmol) in 
DMF (3 mL) followed by 2-cMoro-6H-thieno[2,3-b]pyrrole-5-carboxyUc acid (Method 9, 86 
mg, 0.42 mmol) and EDd (0.98 g, 0.51 mmol). The reaction was diluted with EtOAc (40 
mL) and sat. aqueous NaHC0 3 (20 mL) and the separated organic layer was dried (MgS04), 
filtered and evaporated to dryness. Purification by column chromatography (MeOH.DCM 1:9) 

10 afforded the tide compound (70 mg, 56%) as a yellow solid. 

X H NMR 2.70 (s, 6H), 3.20 (m, 4H), 4.22 (m, 2H), 4.73 (m, 1H), 7.20 (m, 6H), 8.57 (d, 1H), 
12.94 (s, 1H); MS m/z 417, 419 

Example 21: 2-Chloro-N-(l-r(2.2-dimethvl-1.3-dioxan-5-vn methvll-2-oxo-1^.3.4- 
15 tetrahvdbroqumoIin-3-vlV6H-thienor2.3-&1pvrrole-5 -carboxamide 



The procedure of Method 3 was followed, using 3-anmio-l-[(2,2-dimethyl-l,3- 
dioxan-5-yl)memyl]-3,4-^mydroquinolin-2(lfl)-one (Method 11) and 2-chloro-6#- 
thieno[2,3-i]pyrrole-5-carboxyUc acid (Method 9), to give the title compound (83%) as a 
20 white solid. 



CI 




1-Hydroxybenzotriazole (0.69 g, 0.51 mmol) was added to a solution of 3-amino-l-[2- 
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'HNMR (CDCI3) 1.43 (s, 3H), 1.47 (s, 3H), 2.18 (m, 1H), 2.88 (m, 1H), 3.69 (m, 3H), 3.98 
(m, 3H), 4.32 (dd, 1H), 4.70 (m, 1H), 6.85 (m, 2H), 7.10 (m, 1H), 7.28 (m, 4H), 10.50 (br, 
1H); MS m/z 496, 498. 

5 Example 22; 2-Chloro-^-fl-r3-hvdroxv-2-(hvdroxvmethvl)proDvl1-2-oxo-1.2.3,4- 
tp<TflhYHrnffiiinnIin.3-Yl>-6g-thienor2J-^1pvrroIe-5-carboxamide 



Acid catalysed hydrolysis of the acetonide group of Example 21 following the 
procedure described for Example 9 gave the title compound (90%) as a white solid. 
10 X H NMR 1.90 (m, 1H), 3.06 (m, 4H), 3.38 (m, 1H), 3.46 (m, 1H), 3.83 (dd, 1H), 4.04 (m, 1H), 
4.38 (t, 1H), 4.48 (t, 1H), 4.68 (m, 1H), 7.07 (m, 2H), 7.17 (s, 1H), 7.28 (m, 3H), 8.48 (d, 1H), 
11.92 (s, 1H); MS m/z 516, 518. 

Example 23; 2.3-Dichloro-iV-{l-r(2.2-dimethvl-1.3-dioxap-5-vnmethvn-2-oxo-1.2,3 < 4- 
15 tetrahYdroquinolip-3-vl>-4g-thienof3,2-fe1pYrrole-5-carboxamide 



The procedure of Method 3 was followed using 3-amino-l-[(2,2-dimethyl-l,3-dioxan- 
5-yl)methyl]-3,4-dihydroquinolin-2(li0-one (Method 11) and 2,3-dichloro-4H-thieno[3,2- 
b]pyrrole-5-carboxylic acid (Method 8) to give the title compound (85%) as a white solid 
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*HNMR 1.39 (s, 3H), 1.47 (s, 3H), 2.00 (m, 1H), 3.20 (m, 2H), 3.74 (m, 2H), 3.83 (m, 3H), 
4.18 (dd, 1H), 4.72 (quin, 1H), 7.07 (m, 1H), 7.20 (s, 1H), 7.30 (m, 3H), 8.57 (d, 1H), 12.52 
(s, 1H); MS m/z (M-H)" 506, 508. 

5 F.Y a m plft24: 2.3-Dichloro-jV-ll-r3-hYdrox v-2-ftivdroxvmethvnpropvn-2-oxo-l,2,3,4- 
tetrahvdroauinolin-3-Yll-4g-thienor 3.2-&1pvrrole-5-carboxamide 



Acid catalysed hydrolysis of the acetonide of Example 23 in exactly the same manner 
as for the synthesis of Example 9 formed the title compound (91%) as a white solid. 
10 *H NMR 1.90 (m, 1H), 3.10 (m, 2H), 3.29 (s, 1H), 3.37 (m, 2H), 3.51 (m, 1H), 3.86 (dd, 1H), 
4.08 (m, 1H), 4.38 (t, 1H), 4.51 (t, 1H), 4.72 (m, 1H), 7.04 (t, 1H), 7.20 (s, 1H), 7.29 (m, 3H), 
8.58 (d, 1H), 12.49 (s, 1H); MS m/z 468 

F.vamp1e25: 2-CMoro-/v'-n-(2-rf23-mhvdroxvpropv namino1.2-oxoethYn-2-oxo-1^3.4- 
15 teti^vdroQumolmO-vlV6g-tMenor23 -ft1PviTole-5-carboxamide 



H OH 

In an similar manner to Example 3, using 2-chloro-6//-thieno[2,3-&]pyrrole-5- 
carboxylic acid (Method 9) as the carboxylic acid and 3-aminopropane-l,2-diol as the amine 
20 the title compound (47%) was prepared as a solid. 




HO 
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^NMR: 3.03 (m, 2H), 3.16 (d, 1H), 3.24 (t, 1H), 3.29 (m, 2H), 3.52 (m, 1H), 4.37 (dd, 1H), 
4.47 (t, 1H), 4.74 (m, 2H), 4.82 (m, 1H), 6.93 (d, 1H), 7.07 (t, 1H), 7.12 (s, 1H), 7.20 (s, 1H), 
7.28 (m, 2H), 8.07 (m, 1H), 8.56 (d, 1H), 11.93 (s, 1H); m/z 477, 479 

5 Example 26; 2-Chloro-^-ll-r2-fmethoxv^thvl1.^oxo-1.2 .3.4-tetrahvdroquinolin-3-Yl}- 
6g-thienor2.3-51pvrrole-5-carboxamide 




EDCI (225 mg, 1.17 mmol) was added to a suspension of 5-carboxy-2-chloro-6#- 
thieno[2,3-£]pyrrole (Method 9, 234mg, 1.06 mmol) and 3-amino-l-(2-methoxyethyl)-3,4- 

10 dihydroquinolin-2(lfl)-one (Method 12; 215 mg, 1.06 mmol) in DCM (20 mL) and the 
reaction stirred for 18 hours. The reaction was evaporated and the residue was partitioned 
between DCM:MeOH (9:1) (100 mL) and water (25 mL). The organic layer was then 
separated, dried (MgS0 4 ), filtered and evaporated. The residue was purified by column 
chromatography (DCM to DCMrMeOH (9:1)) to afford the title compound (180 mg, 42%) as 

15 a yellow solid. 

J H NMR (CDC1 3 ) 2.89 (app. t, 1H), 3.36 (s, 3H), 3.66 (m, 3H), 4.10 (dt, 1H), 4.28 (dt, 1H), 
6.83 (d, 1H), 7.11 (dd, 1H), 7.28 (m, 5H), 10.78 (br. s, 1H); MS m/z (M+Na) + 426, 428. 

Example 27: 2-CMoro-Ar-ri-(cvanomethvn-2-oxo4^3.4-te ti^vdroquJnolin-3-vn-6g- 
20 thienori.S-ftlpvrrole-S-carboxamide 




KDflT (1.09 g, 5.65 mmol) was added to a suspension of 5-Carboxy-2-chloro-6i?- 
thieno[2,3-&]pyrrole (Method 9, 1.04 g, 5.13 mmol) and (3-amino-2-oxo-3,4- 
dihydroquinolin-l(2i?)-yl)acetonitrile (Method 13; 1.29 g, 5.13 mmol) in DCM (30 mL) and 



WO 03/074532 



PCT/GB03/00877 



-82- 



the reaction stirred for 18 hours. The reaction was evaporated and the residue was partitioned 
between DCM:MeOH (9:1) (100 mL) and aqueous K 2 C0 3 (25 mL). The organic layer was 
then separated, dried (MgS0 4 ), filtered and evaporated. The residue was purified by column 
chromatography (DCM to DCM:MeOH (9:1)) to give a brown solid. The solid was triturated 
5 with refluxing Et 2 0 (25 mL) and the solid filtered, washed with Et 2 0 (25 mL) then hexane (25 
mL) to afford the title compound (414 mg, 21%) as a pale brown solid. 
! H NMR 3.08 (dd, 1H), 3.23 (app. t, 1H), 4.81 (m, 1H), 5.12 (s, 2H), 7.10 (s, 1H), 7.15 (t, 
1H), 7.21 (s, 1H), 7.28 (d, 1H), 7.39 (m, 2H), 8.66 (d, 1H), 11.99 (br. s, 1H); MS m/z (M-H)" 
383, 385 



Example 28: 2-Chloro-jV-a.r(3-methvl-1.2.4-oxadiazo l-5-vnmethvn-2-oxo-1.2^,4- 
tetrahvdroouinolin-3-v^6g4hienor2^-A1pviTole-5^ arboxamide 



AT-Methylmorpholine (118 \JiL, 1.07 mmol) then ethyl chlorofonnate (103 uL, 1.07 
15 mmol) were added to N-[l-(carboxymethyl)-2-oxo- 1,2,3 ,4-tetrahydroquinoUn-3-yl]-2-chloro- 
6ff-thieno[2,3-6]pyrrole-5-carboxamide (Example 2; 431 mg, 1.07 mmol) in anhydrous THF 
(10 mL) at 0 °C. After 20 minutes AT-hydroxyethanimidamide (119 mg, 1.61 mmol) was 
added and the reaction stirred at ambient temperature for 3 days then at reflux for 5 hours. 
After evaporation to dryness the residue was suspended in 1,4-dioxane and refluxed for 18 
20 hours. On cooling the mixture was diluted with EtOAc (100 mL) and washed with H 2 0 (25 
mL). The aqueous was extracted with DCM (3 x 50 mL) and the combined organics dried 
(MgSCU), filtered and evaporated. The residue was purified by column chromatography 
(DCM to DCM:MeOH (9:1)) to give a yellow solid which was dissolved in MeOH:DCM 
(1:4) (100 mL) and shaken with macroporous silicate -carbonate scavenger resin (300 mg). 
25 Filtration then evaporation gave the title compound (291 mg, 61%) as an off-white solid 



J H NMR 2.35 (s, 3H), 3.14 (dd, 1H), 3.30 (app. t, 1H), 4.86 (m, 1H), 5.43 (d, 1H), 5.56 (d, 
1H), 7.19 (m, 4H), 7.36 (m, 2H), 8.67 (d, 1H), 11.98 (br. s, 1H); MS m/z (M+Na) + 442, 444 



10 
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Example 29: 2-Chloro-A^2-oxo-l-(lff-tetrra^^ 
3-vn-6H-thienor23-&1pyrroIe-5-carboxamide 




Sodium azide (178 mg, 2.73 mmol) and triethylamine hydrochloride (356 mg, 2.59 

5 mmol) were added to 2-cWoro-iV-[l-(cyanomethyl)-2-oxo-l 

6i?-thieno[2,3-6]pyrrole-5-carboxamide (Example 27; 300 mg, 0.78 mmol) in l-methyl-2- 
pyrrolidinone (7 mL) and then heated at 150 °C for 3 hours. On cooling the mixture was 
diluted with EtOAc (100 mL) and washed with H 2 0 (50 mL). The aqueous layer was 
acidified with citric acid and extracted with MeOH:DCM (1:19) and the combined organics 

10 dried (MgS0 4 ), filtered and evaporated. The residue was purified by applying the material to 
a 10 g Isolute NH 2 column in MeOH:DCM (1:9) (10 mL) and eluting with MeOH:DCM (1:9) 
( 6 x lOmL). The column was eluted with MeOH: 2M HC1 in Et 2 0:DCM (5:4:45) (6 x 10 
mL) and the relevant fractions evaporated to afford the title product (246 mg, 74%) as pale 
pink powder. 

15 X HNMR 3.09 (dd, 1H), 3.26 (app. t, 1H), 4.90 (m, 1H), 5.31 (d, 1H), 5.59 (d, 1H), 7.09 (m, 
3H), 7.19 (s, 1H), 7.31 (m, 2H), 8.59 (d, 1H), 11.95 (br. s, 1H); MS m/z 450, 452 

Example 30: 2-Chloro-iV-(l-f24(methvte^ 
tetrahvdroauinolin>3-vl)-6H-thienor23-61PVrrole-5-carboxamide 




Methanesulphonamide (90 mg, 0.94 mmol), 4-(dimethylamino)pyridine (287 mg, 2.35 
mmol) and EDCI (225 mg, 1.17 mmol) were added to a suspension of Aqi-(carboxymethyl)- 
2-oxo- 1 ,2,3 ,4-te^yckoqmnoUn-^^ 
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(Example 2; 315 mg, 0.78 mmol) in DCM (50 mL) and stiired for 2 days. The reaction was 
diluted with MeOHJXM (1:19) (50 mL) and washed with lMHCl(aq). (50 mL), the organic 
layer was separated, dried (MgS0 4 ), filtered and evaporated. The residue was purified by 
applying the material to a 10 g Isolute NH 2 column in MeOH:DCM (1:9) (lOmL) and eluted 
5 with MeOH:DCM (1:9) (6 x lOmL) then MeOH: 2M HC1 in Et 2 0:DCM (5:4:45) (6 x 10 mL) 
and the relevant fractions evaporated to give a pink gum which was triturated with refluxing 
Et 2 0 (25 mL) and after cooling the title product (206 mg, 55%) was collected by filtration as 
pale pink powder. 

X H NMR 3.06 (dd, 1H), 3.22 (m, 1H), 4.45-4.87 (m, 6H), 7.00 (d, 1H), 7.09 (m, 2H), 7.19 (s, 
10 1H), 7.30 (m, 2H), 8.59 (d, 1H), 11.95 (br. s, 1H), 12.17 (br. s, 1H); MS m/z (M+Na) + 503, 
505. 

Example 31; A^.|l-rr2Z)-2-Ainmo-2-flivdroxvimino)ethvl1-2-oxo-1.2.3.4- 
tetrahvdroauinohn-3-vl>-2-cMoro-6H-tMenor2,3-&1pvrrole-5-carboxamide 




Hydroxylamine hydrochloride (181 mg, 2.60 mmol) in MeOH (5 mL) was added to a 
solution of NaOMe in MeOH (10.20 mL, 0.25M) under an inert atmosphere followed by 2- 
cMoro-iv*-[l-(cyanomethyl)-2-oxo-l,23 

carboxamide (Example 27; 500 mg, 1.30 mmol) in THF (7 mL) then stirred for 18 hours. 
20 The mixture was diluted with EtOAc (100 mL) and washed with brine (25 mL), dried 

(Na 2 S0 4 ), filtered and evaporated to afford the title product (550 mg, 100%) as a pale brown 
solid. 

*H NMR 3.04 (dd, 1H), 3.19 (app. t, 1H), 4.30 (d, 1H), 4.76 (m, 1H), 5.39 (br. s, 2H), 7.02 (d, 
1H), 7.08 (s, 1H), 7.17 (s, 1H), 7.18 (d, 1H), 7.25-7.33 (m, 2H), 8.56 (d, 1H), 9.17 (br. s, 1H), 
25 11.95 (br. s, 1H), 12.05 (br. s, 1H); MS m/z 418, 420. 
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MW (2Z)*Anrmo-2-{[^^ 
5 ^^Un-S-^^H^a.^^^ (^ 14) was 

Ibis was repeated 4 times. The residual solid was triturated with refluxing Et20 (10 mL) and 
ate ^ ffl ti^w^witir^a0^ m doe Mm ( I OraL)ti 5 ^tiretiUe^ 

(184 mg, 87% (2 steps)) as a pale brown solid. 

(m . 4H>, 7.2ti-7.35 (m, 2H), 8.54 (d, 1H>, 11.92 (br. s. 1H), 12.54 (br. s, IB* MS m/z (M-H) 
442,444 

15 ^drogmn^l] - ^^..^H.nn ^ln v rrole-S-carboxaHude 



CI 




1 4-Dio*ane (5 mL), ^o^mH^y^^o^yl)^^.^- 

^yt^^WH^VMvy™^*^ < Method 15; 300 "* °' 72 

«rt cyanogen bromide (80 mg, 0.75 mntol) and 1,4-diottane (2 mL) were added to a 
20 s o 1 „tionofNa J CO,(77mg,0.72mmol, ta HrO(1.7mL)and a ti^forl8ho^The 

.nixture was diluted with EtOAc (50 mL) and THF (20 mL) and washed wrth HaO (25 mL). 
The organic was dne4 (NaaSOa), fmere4 and evaporated The residue was purified by reverse 
pte e comma chromatography to give a taown soUd. This was tiimrated witir refluxing EtrO 
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(25 mL), filtered, washed with Et 2 0 (25 mL) then hexane (25 mL) to afford the title 
compound (63 mg, 20%) as a brown powder. 

! H NMR 2.94 (app. t, 1H), 3.31 (dd, 1H), 4.81 (m, 1H), 5.03 (d, 1H), 5.39 (d, 1H), 6.99 (m, 
3H), 7.25 (m, 2H), 7.34 (d, 1H), 7.66 (d, 1H), 11.37 (br. s, 1H); MS m/z (M-H)" 441, 443. 

Example34: 2-Chloro.iV-ll-r2.rmethvltMo^ thvl1.2-oxo-1.2.3.4.tetrahYdroquinolin-3- 
vll-6g-thienor2.3-f>1pvrrnle-5-carboxamide 




EDCI (915 mg, 4.77 mmol) was added to a suspension of 5-Carboxy-2-chloro-6#- 
10 thieno[2,3-i]pyrrole (801 mg, 3.97 mmol), 3-amino-l-[2-(methylthio)ethyl]-3,4- 

dihydroquinolin-2(l^-one (Method 16; 1.40g, 3.97 mmol) and 1-hydroxybenzotriazole (537 
mg, 3.97 mmol) in DCM (60 mL) and the reaction stirred for 18 hours. The reaction was 
evaporated and the residue was partitioned between DCM (100 mL) and water (25 mL). The 
organic layer was then separated, dried (MgS0 4 ), filtered and evaporated. The residue was 
15 purified by column chromatography (DCM to DCM:EtOAc (9:1)) to afford the tide 
compound (660 mg, 40%) as a white solid. 

J H NMR 2.13 (s, 3H), 2.69 (t, 2H), 3.02 (dd, 1H), 3.13 (app. t, 1H), 4.13 (t, 2H), 4.70 (m, 
1H), 7.06 (d, 1H), 7.11 (s, 1H), 7.19 (s, 1H), 7.22 (d, 1H), 7.27-7.36 (m, 2H), 8.51 (d, 1H), 
11.92 (br. s, 1H); MS m/z (M-H)" 418, 420 
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ExamEle 35: 2^ gro^{3 -r2-(niethrHilf.nYiyfhYll-2.oxo-l,: 
^. y iyf;iT.thienoP ,^->»1pyrrole-5-rarboxamideand 

^. y l>-<;ff-thie "" P^-Mnvrro l< '-^-'- arhoxamide 




Oxone (701 mg, 1.14 mmol) in H 2 0 (12 mL) was added to 2-chloro-AM l-[2- 
(m ethyltmo)ethyl^^ 

carboxamide (Example 34; 462 nag, 1.10 mmol) in MeOH (12 mL) and stirred for 18 hours. 

10 The mixture was diluted with EtOAc (100 mL) washed with saturated NaHCCh (20 mL), 
dried (Na 2 S0 4 ), filtered and evaporated. T^e residue was purified by column chromatography 
(DCM to DCM:THF (3:2) then DCM:MeOH (4:1)) to give 2 yellow solids. Each solid was 
triturated separately with refluxin g Et 2 0 (25 mL)and filtered, washed with Et 2 0 (25 mL) then 
hexane (25 mL) to afford the title compounds (Example 35, 104 mg, 22% and Example 36, 

15 230 mg, 46%) as solids. 
Example 35: 

>H NMR 2.62 (s, 3H), 3.05 (m, 4H), 4.28 (m, 2H), 4.67-4.77 (m, 1H), 7.09 (m, 2H), 7.19 (s, 
1H), 7.31 (no, 3H), 8.52 (dd, 1H), 11-93 (br. s, 1H); MS m/z (M-H)" 434, 436. 
Example 36: 

20 •HNMR3.03(dd,lH),3.09(s,m3.l6(app.t,lH),3.38-3.52(m,2H),4.34(t,2H),4.67- 
4.77 (m, 1H), 7.06-7.13 (m, 2H), 7.19 (s, 1H), 7.22 (d, 1H), 7.24-7.37 (m, 3H), 8.52 (dd, 1H), 
1 1 .94 (br. s, 1H); MS m/z (M-H)" 450, 452 
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Example37: 2.3-Dichloro-Ar.ri-rmethQ yY farhf>nvlmethvIV2 ' oxo ' 1<2 - 3<4 ' 
tetr a hvdroauinoUn-3.Yll^-thienor3^1 pY^ lft - 5 -^ rboxamide 




5-Carboxy-2,3-dichloro-4H-thieno[3,2-i]pyrrole (Method 8; 595 mg, 2.52 mmol), 
5 HOBt (340 mg, 2.52 mmol), DCM (100 mL) and finally EDCI (483 mg, 2.52 mmol) were 
added to methyl (3-airnno-2-oxo-3 ) 4-dmydroqmnolin-l(2if)-yl)acetate (Method 1, 590 mg, 
2.52 mmol) and the reaction was stirred for 18 hours The reaction was then diluted with water 
(50 mL) and stirred vigorously for 30 min. The resultant precipitate was filtered and washed 
with Et 2 0 (2 x 20 mL). After filtration the resultant solid was then triturated with refluxing 
10 Et 2 0 (25 mL) and after cooling the title compound (528 mg, 46%) was collected again by 
filtration as a white solid. 

l HNMR 3.10 (dd, 1H), 3.21 (app. t, 1H), 3.69 (s, 3H), 4.67 (d, 1H), 4.81 (m, 2H), 7.07 (m, 
2H), 7.23 (s, 1H), 7.31 (m, 2H), 8.69 (d, 1H), 12.51 (s, 1H); MS m/z 452, 454. 

15 F.yam ple38t ^■ri-(Carboxvmethvl)-2-oxo-1.2.3.4-tet rahvdroouinolin-3-vn-2.3- 
dichloro-4g-thienor3.2-6lDvrroIe-5-carboxamide 




The title compound was prepared by the method described for Example 2 using 2,3- 
DicWoro-iV-[l-(memoxycarbonylmemyl>2-oxo-l,2,3,4-tetrahydrcKjum 
20 thieno[3,2-6]pyrrole-5-carboxamide (Example 37) as starting material. 

'HNMR 3.15 (m, 2H), 4.54 (d, 1H), 4.78 (m, 2H), 7.06 (m, 2H), 7.21 (m, 1H), 7.28 (m, 2H), 
8.67 (d, 1H), 12.52 (s, 1H), 12.94 (br, 1H); MS m/z 438, 440 
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Exanrole 39: 2.3-DicMoro-jV-ri-f2-hvdroxv«thvn.2-oxo-l .2.3.4-tetrahvdroguinolin-3- 
vn-4g-thienor3 t 2-fc1pvrrole-5-carb mcainide 



The title compound was prepared by the method described for Example 8 using N-[l- 
5 (Carboxymetoyl)-2-oxo-l,23,4-tetra^^ 

&]pyrrole-5-carboxamide (Example 38) as starting material. 

*HNMR 3.10 (m, 2H), 3.61 (m, 2H), 3.98 (m, 2H), 4.79 (m, 2H), 7.05 (m, 1H), 7.28 (m, 3H), 
8.57 (d, 1H), 12.49 (s, 1H); MS m/z 424. 

10 Example 40: 2.3-Dichloro-^V-A-rf2g)-23-dihvdroxvp rnDvn.2.oxo-1.2.3.4- 
tetrahvdroaiiinolm-3-vlMg-miePor3^1pvrTole-5-carboxaimde 



HCT 

Acid catalysed hydrolysis of 2,3-dichloro-A/-{ l-[(27?)-2,3-dihydroxypropyl]-2-oxo- 
l,2^4-tetrahydroqumolm-3-yl}-4H-mieno[3,2-&]pyn:ole-5-carboxamide (Method 7) 
15 following the procedure described for Example 9 gave the title compound (92%) as a white 
solid. 

'HNMR 3.06 (m, 2H), 3.33 (m, 2H), 3.85 (m, 3H), 4.70 (m, 3H), 7.04 (m, 1H), 7.24 (m, 4H), 
8.58 (2 x d, 1H), 12.49 (s, 1H); MS m/z 454, 456 
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Example 41: 2-Chloro-AT-f 1 ^^ riimet hylamino^h ydro^ 
tetrahvdroauinoMn-3-vll-6^^ 




The title compound was prepared by a two-step coupling-epoxide opening sequence. 

5 Standard amide bond formation analogous to Method 3 except using 3-amino-l-(oxiran-2- 
ylmethyl)-3,4-dihydroquinolin-2(lfl)-one (Method 19) as amine and 2-chloro-6fl r -thieno[2,3- 
&]pyrrole-5-carboxylic acid (Method 9) as the acid component formed the title compound as a 
white solid which was used without further purification. The crude amide product (150 mg) 
was dissolved in EtOH (5 mL) followed by addition of dimethylamine in EtOH (5.0-6.0 M in 

10 EtOH, 0.5 mL) and the reaction was stirred overnight under argon. The reaction was diluted 
with EtOAc (40 mL) and sat. aqueous NaHC0 3 (20 mL) and the separated organic layer was 
dried (MgS0 4 ), filtered and evaporated to dryness. Purification by column chromatography 
(MeOHtDCM 2:9) afforded the tide compound (41 mg) as a yellow solid. 
*H NMR 1.85 (s, 3H), 2.16 (s, 3H), 2.27 (m, 2H), 3.05 (m, 2H), 3.20 (br, 1H), 3.63 (m, 1H), 

15 3.84 (m, 1H), 4.08 (m, 1H), 4.68 (m, 1H), 7.15 (m, 6H), 8.48 (d, 1H), 12.00 (s, 1H); MS m/z 
447 



Example 42: 2-Chloro-N-f2-oxo-l-rf2-oxo-L3-dioxaii -5-vnmethvl1-1^3,4- 
tetrahvdroauinolin-3-vll-6g-tMenor23-&1PVtTole-5-carboxamide 



20 




Carbonyl diimidazole (143 mg, 0.88 mmol) was added to 2-cMoro-i\Ml-[3-hydroxy-2~ 
(hydroxymethyl)propyl]-2-ox 
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carboxamide (Example 22; 250 mg, 0.58 mmol) followed by DMAP (2 mg) and the reaction 
was heated at 50 °C for 4 hours. The reaction was quenched by addition of EtOAc (50 mL) 
and H 2 0 (10 mL) and the organic layer was separated and washed further with saturated 
aqueous NaHC0 3> 1M HC1 (aq.) and brine. The organic layer was then dried (MgS0 4 ), 
5 filtered and evaporated. Trituration with hot Et 2 0 (15 mL), cooling and filtration afforded the 
title compound (1 82 mg, 0.40 mmol, 68%) as a white solid. 

l H NMR 3.07 (dd, 1H), 3.21 (t, 1H), 4.22 (m, 5H), 4.45 (m, 2H), 4.73 (m, 1H), 7.07 (m, 2H), 
7.18 (s, 1H), 7.21 (m, 3H), 8.50 (d, 1H), 11.95 (s, 1H); MS m/z 460, 462. 

10 Example 43; 2-Chloro-Ar-ri.f3-hvdroxvDroDYn-2-oxo-1.2.3.4-tetra hydroauinolm-3-vIl- 
6g-thienor2.3-&1Pvrrole-5-carboxamide 




"DO 



HO' 

TBAF (1.0 M in THF, 4.92 mL, 4.92 mmol) was added to W-[l-(3-{ [tert- 
butyl(dimemyl)silyl]oxy}propyl)-2-oxo-l,2,3,4-tettahydroqumolm-3-yl]-2^ 

15 thienot2,3-6]pyrrole-5-carboxamide (Method 20, 1.84 g, 3.56 mmol) in THF (15 mL) and the 
reaction was stirred for 48 hours. The reaction was quenched by the addition of EtOAc (50 
mL) and NH4CI (aq.) (20 mL) and the organic layer was dried (MgS0 4 ), filtered and 
evaporated. Purification by column chromatography afforded the title compound (1.24g, 3.08 
mmol, 86%) as a white solid. 

20 X H NMR 1.79 (m, 2H), 3.13 (m, 2H), 3.52 (m, 2H), 4.01 (m, 2H), 4.58 (m, 2H), 4.73 (quin, 
1H), 7.20 (m, 6H), 8.53 (d, 1H), 11.96 (s, 1H); MS m/z 404 
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Example 44: 2-Chloro-AT4143-(methvla^ 
tetrahvdroquinoIin-3-vl)-6ff^^ 



CI 




Pyridinium dichromate (329 mg, 0.88 mmol) was added to 2-chloro-jV-[l-(3- 

5 hydroxypropyl)-2-oxo-l,2,3,4-tetraty 

carboxamide (Example 43; 100 mg, 0.248 mmol) in DMF (3mL) and the reaction was stirred 
for 24 hours. The reaction was diluted with EtOAC (20 mL) and filtered through celite. The 
filtrate was washed with 1M HC1 (aq.) and the organic layer was dried (MgSC>4), filtered and 
evaporated to afford the crude acid which was used without purification. Standard amide bond 

10 formation analogous to Method 3 except using methylamine (2.0 M in THF) as amine gave 
the title compound (65 mg, 61% over 2 steps) as a white solid. 

l H NMR 2.43 (m, 2H), 2.60 (s, 3H), 3.08 (m, 2H), 4.12 (m, 2H), 4.70 (m, 1H), 7.07 (m, 2H), 
7.23 (m, 2H), 7.32 (m, 2H), 7.89 (s, 1H), 8.50 (d, 1H), 11,92 (s, 1H); MS m/z 431 

15 Example 45: 2-CMoro^42-oxo-l-(2-oxobutvl)4.234"tetrahvdroquinoUn-3-vl1-6g- 
thienor2,3-Mpvrrole-5-carboxamide 



Standard amide bond formation analogous to Method 3 using 3-amino-l-(2- 
oxobutyl)-3,4-dihydroquinoUn-2(l#)-one (Method 22) as amine and 2-chloro-6i/-thieno[2,3- 
20 &]pyrrole-5-carboxylic acid (Method 9) as the acid component formed the title compound 
(56%) as a white solid. 




WO 03/074532 



PCT/GB03/00877 



-93- 

l HNMR 0.95 (t, 3H), 2.58 (m, 2H), 3.04 (dd, 1H), 3.19 (t, 1H), 4.73 (m, 2H), 4.94 (d, 1H), 
6.88 (d, 1H), 7.05 (m, 2H), 7.24 (m, 3H), 8.52 (d, IB), 11.90 (s, 1H); MS m/z 416, 418 

Example 46: 2-CMoro-^ri-(2-hvdrox^ 
5 6J5f-thienor23-6lDvrroIe-5-carboxamide 



Sodium borohydride (13.7 mg, 0.36 mmol) was added to a solution of 2-chloro-W-[l- 
(2-hydroxybutyl)-2-oxo-l,2,3,44etraty 

carboxamide (Example 45, 100 mg, 0.24 mmol) in MeOH (10 mL) and the reaction was 
10 stirred for 1 hour. The reaction was quenched by addition of H 2 0 (5 mL) and EtO Ac (20 mL) 
and the organic layer was dried (MgS0 4 ), filtered and evaporated. The crude solid was 
triturated with Et 2 0 (5 mL) and the product (75 mg, 75%) was collected by filtration and 
isolated as a 2:1 mixture of diastereomers. 

l H NMR 0.90 (m, 3H), 1.38 (m, 2H), 3.07 (m, 2H), 3.71 (m, 2H), 4.03 (m, 1H), 4.75 (m, 2H), 
15 7.04 (t, 1H), 7.13 (s, 1H), 7.19 (s, 1H), 7.34 (m, 3H), 8.48 (d, 1H), 11.95 (s, 1H); MS m/z 418 

Example 47: 23-DicMoro-Ar4(65^7-oxo-5^ 
Yn-4J7-thienor3,2-J>1pyrrole-5"Carboxamide 



20 TFA (2 mL) was added to a solution of (65)-6-(tritylamino)-5,6-dihydroimidazo[l,2- 

a]pyrimidin-7(8#)-one (Method 23, 400 mg, 1 mmol) in DCM (20 mL) and the reaction was 
stirred at ambient temperature for 1 hours The volatiles were removed by evaporation under 
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reduced pressure to afford (6^-6-ammo-5,6-dihydroim 
which was used crude in the next stage. 

HOBT (135 mg, 1 mmol) was added to a solution of 2,3-dichloro-4#- thieno[3,2-fc]pyrrol-5- 
yl-2-carboxylic acid (Method 8; 236 mg, 1 mmol) and DIPEA (0.52 mL, 3 mmol) and the 
5 reaction stirred at ambient temperature for 5 rains. EDCI (210 mg, 1.1 mmol) was then added 
and the reaction stirred at ambient temperature for a further 16 hours The reaction mixture 
was filtered to afford a yellow solid, which was washed with methanol to afford the title 
compound as a pale yellow solid (202 mg, 55%). 

l H NMR 3.97 (t, 1H), 4.35 (dd, 1H), 4.92 (m, 1H), 6.66 (s, 1H), 6.88 (s, 1H), 7.17 (s, 1H), 
10 8.64 (d, 1H), 11.21 (br s, 1H), 12.51 (br s, 1H); MS m/z 370. 

Example 48: 23-DicMoro-#-(2-oxo-l^ 
tMenor3,2-Mpyrrole-5-carboxaiiride 



Triethylamine (404 mg, 4mmol), HOBT (148.5mg, l.lmmol), 2,3-dichloro-4tf- 
thieno[3,2-fc]pyrrole-5-carboxylic acid (Method 8, 234mg, l.Ommol) and 3-amino-3,4- 
dihydro-l,5-naphthyridin-2(lfl)-one dihydrochloride (Method 25, 234mg, 1.0 mmol) were 
dissolved in dimethylformamide (20mL.). EDCI (210mg, 1.1 mmol.) was then added and the 
20 reaction mixture stirred at ambient temperature for 2 hours. The reaction mixture was 
concentrated to small volume and diluted with water (50mL). The resulting precipitate was 
collected by filtration, washed with methanol (2 x lOmL) and ether and dried under vacuum at 
50°C to give the title compound. (237mg,71%) 



X HNMR 3.1-3.4 (m, 2H); 4.85 (m, 1H); 7.2 (m, 3H); 8.1 (d, 1H); 8.6 (d, 1H); 10.44 (s, 1H); 
25 12.48 (s, 1H); MS m/z 379. 




ci 
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Example49: 2-Chloro-^-f2-oxo-1.23,4-tetr ahvdro-lJ-naphthvridin-3-vn-6g- 



thienor2,3^1pvrrole-5-carboxamide 




5 DIPEA (297mg,2.3mmol), HOBT (128mg, 0.95mmol), 2-chloro-6i^thieno[2,3-i]pyrrole- 
5-carboxylic acid (Method 9, 154mg„ 0.767mmol) and 3-amino-3,4-dihydro-l,7- 
naphthyridin-2(lfl)-one (Method 28, 300mg, 0.767mmol) were suspended in DCM (lOmL). 
EDCI (183 mg, 0.95mmol) was then added and the reaction mixture stirred at ambient 
temperature for 2 hrs. The reaction mixture was filtered and the filtrate was diluted with ethyl 

10 acetate (lOOmL), washed with saturated aqueous sodium bicarbonate (2 x 25mL) and brine 
(25mL), dried (MgS0 4 ) and evaporated under reduced pressure to give a light brown solid 
which was washed with methanol (20mL) and dried to give the title compound (45mg, 17%). 

Example 50: #-(6-Fluoro-l,234-tetr^^ 
15 carboxamide 



Et3N (184 ML, 1.32 mmol), HOBT (89 mg, 0.66 mmol), 3-amino-6-fluoro-3,4- 
dihydro-2(lfl)-quinohnone monohydrochloride (CAS Reg. No: 82420-54-0) (143 mg, 0.66 
mmol), and ED AC (127 mg, 0.66 mmol) were added to a solution of 2-chloro-6tf-thieno[2,3- 

20 6]pyrrole-5-carboxylic acid (133 mg, 0.66 mmol) in anhydrous DMF (3.5 mL). The reaction 
was stirred at ambient temperature for approximately 16 h, and then poured into water (50 
mL). This was stirred vigorously for about 10 mins. and filtered. The collected precipitate 
was washed with water and dried in vacuum at 40°C, to give the title compound (203 mg, 
84%) as an amorphous solid. 

25 *HNMR 3.12 (m, 2H), 4.71 (m, 1H), 6.89 (m, 1H), 7.02 (m, 1H), 7.07 (m, 1H), 7.10 (s.lH), 
7.13 (dd, 1H), 7.20 (s, 1H), 7.48 (d, 1H), 10.37 (s, 1H), 11.95 (s, 1H); MS m/z 364, 366. 




,F 
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Example51; Ar-f6-Methoxv-1^.3.4-tetrahvdroauinolin-3-vn-6g-t hienor23-&1PYrrole-5- 
carboxamide 



This example was made by the process of Example 50, using 3-amino-3,4-dihydio-6- 
5 methoxy-2(127)-qmnolinone monohydrochloride (CAS Reg No: 35287-38-8) and 2-chloro- 
5H-thieno[2 > 3-&]pyrrole-5-carboxylic acid (Method 9). 

: HNMR 3.03 (dd, 1H), 3.09 (t, IK), 3.72 (s, 3H), 4.68 (m, 1H), 6.82 (m, 3H), 7.09 (s, 1H), 
7.20 (s, 1H), 8.43 (d, 1H), 10.20 (s, 1H), 11.92 (s, 1H); MS m/z 376,378. 
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Methods 
Method 1 

MethvlC3-aTninn-2-oxo-3.4-dihvdroquinolin-l(2 fl p >-vl')acetate 




Sodium hydride (60% in oil, 2.52 g, 63.0 mmol) was added to 3-amino-3,4- 
dihydroquinolin-2(l//)-one hydrochloride (/. Med. Chem., 28, 1985, 1511-16; 5.0 g, 25.2 
mmol), in anhydrous DMF (100 mL) at 0 °C over a period of 5 min keeping the internal 
temperature at <10 °C. The reaction was stirred for a further 30 min before addition of methyl 

10 bromoacetate (2.85 mL, 30.2 mmol), then stirred for a further 60 min. The reaction was 
quenched by addition of 1M aqueous HC1 (5 mL) and the volatiles were removed by 
evaporation. The residue was dissolved in DCM (250 mL) and washed with sat. aqueous 
NaHC0 3 (100 mL) and the organic layer was dried (MgS0 4 ), filtered and evaporated to yield 
the title compound (5.89 g, 25.2 mmol) as yellow paste which was used without further 

15 purification. 

J HNMR 2.21 (br. s, 2H), 2.78 (d, 1H), 2.97 (dd, 1H), 3.47 (dd, 1H), 3.67 (s, 3H), 4.55 (d, 
1H), 4.78 (d, 1H), 6.96 (m, 2H), 7.23 (m, 2H); MS m/z MH* 235. 

Method 2 

20 3-Amino-l-(2.2-dmemvl-1.3-cKoxolan-4-^^ 




Sodium hydride (60% in oil, 191 mg, 4.70 mmol) was added to 3-amino-3,4- 
dihydroquinolin-2(lfl)-one hydrochloride (/. Med. Cliem., 28, 1985; 1511-16, 450 mg, 2.27 
mmol), in anhydrous DMF (6 mL) at 0 °C over a period of 5 min keeping the internal 
25 temperature at <10 °C. The reaction was stirred for a further 30 min before addition of (2,2- 
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mg. 2,0 mmol) and me — has heated to 80°C for a penod o 

, n, k nu-nm V 1 9^ to afford the tide compound 
5 purified by column chromatography (MeOH:DCM 1.19) to anora 

me 53%) as colourless oil. ^ _ 

^HMSJR 1.33 (s, 3H), 1.40 (s, 1.5H), 1-45 (s, 1.5H), 1-96 (br. s, 2H), 2.89 (m, 11^ 3.07 (m, 
1H) ,3.60 (m, lH),3.82(m 1.5H),4.08 (m, 1.5H>,4.33 (m. 2H). 7.04 (m, 1H), 7.23 (m, 3H), 
MSm/zMH , '277. 

10 

Method 3 . , n « 

u «»«^*»««»*«* ( MeU,od 9; 243 ■* 120 mmo,) ; H0BT 

C „8 mg, 1.32 mmol), anhydrous DMF (10 * and finahy EDO (252 mg, 

(Method 2 330 mg, 1.20 mmol) and *e reach*, waa stirmd for 18 h. H. reacuon was 

andbnue^.Theorganic layer was .hen aeparated, dn,d (MgS0 4 ). ««red ™d 
.vaporafcd. The residue was purified by column chromatography (BtOActhexaues 1:2) to 
afford the title compound (382 mg, 69%) as a white solid 

■HNMK 1.32 (s, 1.5H), 1.33 (a, >.5H), 1.37 (., Uft U* 2.88 (^ « 3,3 (m 

25 1 H,,3.78 ( app.UH).3.90(*0.5H),4.C4(dd,0.m4.14(m,lH),4.33(m,H),4.68(m, 

S 6-82 m m 7,0 (m, IB), 7.27 (m, 4H>, .0.94 (br. s, )H); MS m/a MNa 482, 484. 




Method 4 

^moro-5-methoxvcMbgay3 ^-thiftno^-frlpyrrole 
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{jT\ /OMe 

Methanolic sodium methoxide solution (28%) (5 ml, 25.9 mmol) was diluted with 
MeOH (5 ml) and was cooled to -25°C under nitrogen. A solution of 4-chloro-2- 
thienylcarboxaldehyde (J Heterocyclic Chem, 1976, 13, 393; 1.1 g, 7.5 mmol) and methyl 

5 azidoacetate (3.0 g, 26.1 mmol) in MeOH (20 ml) was added dropwise, maintaining the 
temperature at -25°C. On completion of addition the solution was allowed to warm to 5°C 
over a period of approximately 16 hours. The solution was added to saturated aqueous 
ammonium chloride (250 ml) and the mixture was extracted using DCM. The combined 
organic layers were concentrated at 0°C. The residue was taken up in xylene (30 ml) and this 

10 solution was added dropwise to xylene (120 ml) under reflux. The solution was heated under 
reflux for 30 minutes before being cooled and concentrated. The title compound was purified 
by a mixture of crystallisation (EtOAc/isohexane) and chromatography on a Bond Elut 
column eluting with a graduated solvent of 5-50% EtOAc in isohexane (640 mg, 40%). NMR 
(CDCI3) 9.1 (1H, br), 7.1 (2H, s), 3.9 (3H, s); m/z 214.3. 

15 

Methods 5 and 6 

The following compounds were made by the process of Method 4 using the 
appropriate starting materials 



Meth 


Compound 


NMR(CDC1 3 ) 


M/z 


5 1 




9.2 (1H, br), 7.0 (1H, s), 3.9 (3H, s) 


248.2 


6 Z 




9.4-9.2 (1H, br), 7.0 (1H, s), 6.9(1H, s), 3.9 
(3H,s) 


214 



20 



1 Aldehyde: DE 2814798 

2 Aldehyde: Gronowitz et al. Tetrahedron Vol.32 1976 p. 1403 
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Method7 

5-Caifaoxv-3-chloro-4H-thienor3.2-fclDvrrole 




5 S-Chloro-S-methoxycarbonyMH-thienotS^-^pyrrole (Method 4; 0.61 g, 2.83 mmol) 

was taken up in MeOH (10 ml) and was heated under reflux. Aqueous lithium hydroxide (2.0 
M, 3.0 ml, 6.0 mmol) was added portionwise over 45 minutes. The mixture was heated under 
reflux for 30 minutes before being cooled and concentrated. Water (20 ml) was added and the 
solution was neutralised using aqueous hydrochloric acid (2.0 M, 3.0 ml). The solution was 

10 extracted using EtOAc, and the combined organic layers were concentrated to afford the title 
compound as a yellow solid (0.57 g, 100%). NMR: 12.4 (1H, br), 7.4 (1H, s), 7.0 (1H, s); m/z 
200.3. 

Methods 8 and 9 

15 The following compounds were made by the process of Method 7 using the 



appropriate starting materials. 



Method 


Compound 


NMR 


Mil 


SM 


8 




7.0 (1H, s) ! 


234.2 


Method 5 


9 




12.6-12.7 (1H, b), 12.0- 
12.1 (lH,b), 7.15 (1H, 
s), 6.9 (1H, s) 


183 


Method 6 



20 Method 10 

3-Amino-l-r2-fdimethvlaniino')ethvll-3.4-dihvdroquinolin-2(l.g)-one 
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H 2 N 




Sodium hydride (60% in oil, 70.5 mg, 1.75 mmol) was added to 3-amino-3,4- 
dihydroquinolin-2(lH)-one hydrochloride (100 mg, 0.50 mmol), in anhydrous DMF (2 mL) at 
0 °C over a period of 5 min. The reaction was stirred for a further 30 min before addition of 2- 

5 (dimethylaminoethyl) chloride hydrochloride (80 mg, 0.55 mmol) and the reaction has then 
heated to 80°C for a period of 5 hours The reaction was then cooled and evaporated before 
addition of sat. aqueous NaHC0 3 (20 mL) and EtOAc (50 mL). The organic layer was then 
dried (MgS0 4 ), filtered and evaporated and the residue was used without further purification. 
J HNMR 1.25 (s, 2H), 2.35 (s, 6H), 2.56 (m, 2H), 2.81 (d, 1H), 3.05 (dd, 1H), 3.56 (dd, 1H), 

10 4.08 (m,2H), 7.15 (m,4H); MS m/z 234 

Method 11 

3-Anuno-l-r(2.2-dimethvl-13-dfo^ 



15 The title compound was prepared in an analogous method to Method 10 using (2,2-dimethyl- 
l,3-dioxan-5-yl)methyl methanesulfonate [CAS registary number 131372-64-0] as 
elecrophile. 

*HNMR 1.41 (s, 3H), 1.47 (s, 3H), 1.74 (s, 2H), 2.21 (m, 1H), 2.82 (d, 1H), 3.06 (dd, 1H), 
3.57 (dd, 1H), 3.73 (m, 2H), 3.93 (m, 3H), 4.15 (m, 1H), 7.02 (t, 1H), 7.19 (m, 2H), 7.26 (m, 
20 1H); MS m/z 291 




Method 12 

^-AmiTio^ l-^-methoxvethyn-S^-dihydroquinolin^rifl^-one 
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OMe 



Sodium hydride (60% in oil, 321mg, 8.03 mmol) was added to 3-amino-3,4- 
dihydroquinolin-2(l#)-one hydrochloride (7. Med Chem., 28, 1985; 1511-16; 759mg, 3.82 
mmol) in anhydrous DMF (10 mL) at 0 °C over a period of 5 min. After 1 hour 2-bromoethyl 
5 methyl ether (0.40 mL, 4.20 mmol) was added and stirring maintained for 18 hours. The 
reaction was diluted with EtOAc (100 mL) and washed with sat. aqueous K 2 C0 3 (20 mL). 
The aqueous was extracted with DCM (3 x 50 mL) and the combined organics dried 
(Na 2 S0 4 ), filtered and evaporated. The residue was purified by column chromatography 
(DCM to DCM:MeOH (4:1)) to afford the title compound (654 mg, 78%) as a brown oil. 
10 *H NMR (CDC1 3 ) 1.82 (br. s, 2H), 2.85 (app. t, 1H), 3.06 (dd, 1H), 3.36 (s, 3H), 3.61 (m, 3H), 
4.02 (dt, 1H), 4.24 (dt, 1H), 7.02 (dt, 1H), 7.19 (m, 2H), 7.27 (t, 1H). 



Method 13 

3- Amino- 1 -( 2-c vanometh yl)-3 ,4-dih vdroquinolin-2( IffVone 




Sodium hydride (60% in oil, 2.74g, 68.5 mmol) was added to 3-amino-3,4- 
dihydroqmnolin-2(l#)-one hydrochloride (/. Med Chem., 28, 1985; 1511-16, 6.47g, 32.6 
mmol) in anhydrous DMF (70 mL) at 0 °C over a period of 5 min. After 1 hour the mixture 
was warmed to ambient temperature, stirred for 2 hours then cooled in an ice bath before 

20 bromoacetonitrile (2.28 mL, 32.68 mmol) was added. The mixture was again wanned to 
ambient temperature and stirred for 18 hours. The reaction was diluted with EtOAc (100 mL) 
and washed with sat. aqueous K2CO3 (20 mL). The aqueous was extracted with DCMiMeOH 
(19:1) (3 x 50 mL) and the combined organics dried (Na 2 S0 4 )» filtered and evaporated. The 
residue was purified by column chromatography (DCM to DCM:MeOH (9: 1)) to afford the 

25 title compound (5.28g, 81%) as a brown oil. 
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'HNMR (CDCI3) 1.79 (br. s, 2H), 2.90 (app. t, 1H), 3.11 (dd, 1H), 3.65 (dd, 1H), 4.68 (d, 
1H), 5.03 (d, 1H), 7.05 (d, 1H), 7.13 (t, 1H), 7.25 (d, 1H), 7.35 (t, 1H); MS m/z 202. 

Method 14 

5 Airi-«2Z)-2-Amino-7.-(rfethoxvcarbo^ 

3-vIl-2<hIoro-6j/-thienor2,3-felpvrrole-5-carboxamide 




Ethyl chloroformate (60\xL, 0.63 mmol) was added to a suspension of N-{ l-[(2Z)-2- 
amino-2-(hydroxymTino)emyl]-2-oxo4,2^ 
10 thieno[2,3-&]pyrrole-5-caiboxamide (Example 31; 200 mg, 0.48 mmol) in dry pyridine (1 
mL) under an inert atmosphere then stirred heated to 100°C for 30 minutes. On cooling THF 
(10 mL) and added followed by EtOAc (50 mL) and 1M HC1 aq. (20 mL). The organic was 
separated and dried (Na 2 S04), filtered and evaporated to give a clear orange oil. This was 
used in the next stage without characterization or purification. 

15 

Method 15 

2-Chloro-jV-ri-(2-hvdrazino-2-oxoemvl)-2-oxo-L2.3.4-tetrahvdroauinolin-3-vl1-6H- 
thieno r2.3-&1pvrrole-5-carboxamide 




NH 2 

20 Hydrazine monohydrate (1 mL, 20.6 mmol) was added to a suspension of methyl [3-{ [(2- 
cWoro-6#4Weno[23-Z>]p>a^ 

yl]acetate (Example 1); 221 mg, 0.53 mmol) in EtOH (10 mL) and heated to reflux for 20 
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hours. On cooling the mixture was concentrated under reduced pressure and H 2 0 (20 mL) 
added and the white precipitate filtered off and dried in vacuo to give the title product (169 
mg, 76%) as an off white solid. 

*H NMR 3.04 (dd, 1H), 3.18 (app. t, 1H), 4.25 (br. s, 2H), 4.33 (d, 1H), 4.69 (d, 1H), 4.88 (in, 
5 1H), 6.93 (d, 1H), 7.06 (t, 1H), 7.11 (s, 1H), 7.19 (s, 1H), 7.28 (m, 2H), 7.32 (m, 2H), 8.52 (d, 
1H), 9.29 (br. s, 1H), 11.67 (br. s, 1H); MS m/z 418, 420. 

Method 16 

^^Aminn-1- f2-fmethvltMo^ethvl1-3.4-dihvdroadnohn-2aJ^-one 




Prepared by an analogous method to 3-amino-l-(2-methoxyethyl)-3,4-dihydroquinolin-2(1^0- 
one (Method 12) using 2-chloroethyl methyl sulphide instead of 2-bromoethyl methyl ether to 
give the title product as a clear, brown gum. 

'H NMR 2.13 (s, 3H), 2.66 (t, 2H), 2.73 (app. t, 1H), 2.96 (dd, 1H), 3.44 (dd, 1H), 4.09 (t, 
15 2H), 7.01 (t, 1H), 7.14 (d, 1H), 7.23 (m, 2H). 

Method 17 

23-Dichloro-Al{l-r(2^^ 
thienor3.2-fe1pvrrole-5-carboxamide 




Standard amide bond formation analogous to Method 3 except using 3-amino-l-[(2 J R)- 
2,3-dihydroxypropyl]-3,4-dihydroquinolin-2(l J H)-one (Method 18) as amine and 2,3- 
dichloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid as the acid component formed the title 
compound as a white solid. 
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'hnmr 



1.23 (s, 3H>, 1.30 (, 3H). 3.1 2 (m, 2H), 3,1 lift 405 (m, 4H), 4.72 (m, IB). 
7.05 («. Uft 7.20 fc 1H), 7.31 <ft 3H), 8.60 (d, 1H>, 12.49 (, IHk MS * 456 



5 



-O 

P^accc*g to Meft.d2u si ng tt 4 S )-2^to%l-W*xo 1 ^yl]me«hy. 
mam£ ^ (J. Or S . CHvn, 64, 1999 67S2-6790) to give to «le compound a, a pale 

4.38 (m, 2H), 7.03 (m, 1H), 7.26 (d, 3H). 



Method 19 

15 

tosylate as elecrophile. 

"too 



Cr N 




.H N MK2.70( m ,1.5H),3.25(m,4H).4.12(dd,0.5H,,4.32(dd,0.5H,,4.70(dd,0.5H). 
7.20(m,4H);MSm/z219 

20 



25 
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Method 20 

//-ri-f3-(r/grf-Biitvirriimfttjivnsilvl1oxv>propvlV2-oxo-1.2J.4-tetia hvdrQquinoUn-3-vl1-2- 
chloro-6if-thienor2.3-felpvrrole-5-carboxamide 

CN 

K I 

0 




5 Standard amide bond formation analogous to Method 3 except using 3-amino-l-(3- 

{[tert-butyl((iimethyl)silyl^ (Method 21) as amine 

and 2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acidas the acid component formed the title 
compound as a white solid. 

X H NMR 0.00 (s, 6H), 0.87 (s, 9H), 1.85 (m, 2H), 2.79 (t, 1H), 3.60 (m, 3H), 4.05 (m, 2H), 
10 4.56 (m, 1H), 6.77 (s, 1H), 6.82 (s, 1H), 7.02 (t, 1H), 7.20 (m, 4H), 10.47 (s, 1H); MS m/z 518 

Method 21 

3-An^o-l-G-frfert-butvlfdimem^^ 

H 2 Nv 
0*% 




; su o 

15 The title compound was prepared in an analogous method to Method 1 using (3- 

bromopropoxy)(rert-butyl)dimethylsilane as electrophile. 

! H NMR 0.00 (s, 6H), 0.88 (s, 9H), 1.75 (s, 2H), 1.83 (m, 2H), 2.74 (d, 1H), 3.00 (dd, 1H), 
3.48 (dd, 1H), 3.66 (m, 2H), 3.98 (m, 2H), 6.96 (t, 1H), 7.16 (m, 3H); MS m/z 335 



20 Method 22 

3-Amino- 1-( 2-oxobutvl)-3 ,4-dihvdroquinolin-2( liD-one 
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H 0 N. 




The 



title compound was prepared in an analogous method to Method 1 using 1- 



bromo-2-butanone as electrophile. 

'HNMR 1.14 (t, 1H), 1.84 (br, 2H), 2.55 (q, 2H), 2.93 (m, 1H), 3.12 (dd, IB). 3.67 (dd, 1H), 
5 4.49 (d. 1H), 4.92 (d, 1H), 6.61 (d, IB), 7.03 (t, 1H), 7.20 (t, 2H); MS m/z 233 



Method 23 

ffitt-fi-rrritvlamj ™^ ^ihvdroi miria/oP > fl1 P vrimidin-7(8fl)-on e 




L0 10% Pd/C (260 mg) was added to a solution of methyl S-C^nitro-lH-imidazol-l-yl)- 

N-txityl-L-alaninate (Method 24, 1.2 g, 2.6 mmol) in EtOH (100 xnL) and the reaction stirred 
under an atmosphere of hydrogen for 2 hours The reaction was filtered through celite and the 
filtrate heated at reflux for approximately 2 hours Upon cooling the volatiles were removed 
by evaporation under reduced pressure to afford the title compound (1.04 g, 100%) as a white 

15 solid. 

'HNMR 2.63 (dd, 1H), 3.30 (t, 1H), 3.58 (dd, 1H), 4.13 (s, 1H), 6.20 (d, 1H), 6.72 (d, 1H), 
7.23 (m, 9H), 7.35 (m, 6H); MS m/z 395. 



Method 24 

20 M,,thv1 3-f2-nitro- i ^n,id a 7.o1-l-vl)-jV-tritvl-L-alaninate 
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— 0 



Di-isopropylazodicarboxylate (1.3 mL, 6.6 mmol) was added dropwise to a solution of 

2- nitroimidazole (1.0 g, 9 mmol), N-trityl-L-serine methyl ester (2.0 g, 6 mmol) and 
triphenylphosphine (1.73g, 6.6 mmol) in THF (100 mL). The reaction was stirred at ambient 

5 temperature for approximately 5 hours The volatiles were removed by evaporation under 
reduced pressure and the residue purified by column chromatography (EtOAc:isohexane 1:19) 
to afford the title compound (1.2 g, 44%) as a white solid 

^NMR 3.08 (s, 3H), 3.16 (d, 1H), 3.69 (m, 1H), 4.46 (dd, 1H), 4.62 (dd, 1H), 7.15 (m, 
15H), 7.33 (s, 1H), 7.93 (s, 1H); MS m/z (M+NKO* 479. 

0 

Method 25 

3- Amino-3 ,4-dihvdro-l ,5-naphthvridin-2( lffVone dihvdrochloride 




15 terr-Butyl (2-oxo-l,2,3,4-tetrahydro-l,5-naphthyridine-3-yl)carbamate (Method 26, 

263mg, Immol) was dissolved in DCM (lOmL) and treated with 4M HC1 in dioxan (lOmL). 
After stirring at ambient temperature for 30 mins. the reaction mixture was evaporated under 
reduced pressure and the residue triturated with ether (20mL), to give a white solid which 
was collected by filtration, washed with ether and dried. (234mg, 100%). 

20 ^NMR 3.4 (m, 1H); 3.4 (m, 1H); 4.5 (m, 1H); 7.5 (m, 2H); 8.3 (d, 1H); 8.75 (bs, 3H); 11.18 
(s, 1H) 
MS m/z 164 
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Method 26 

IgaBut ^gcoJ .9..T4-tet«hvd — i ^ rhthvrimue-3-vflcarbamate 

Methyl 2-[(rert-butoxycarbonyl^^ (4:1 mixture of 

5 Z/E isomers) (Method 27, l.lg, 3.4 mmol) was dissolved in ethanol and 10% palladium on 
carbon catalyst (250mg) was added. The mixture was stirred under 1 atmosphere of hydrogen 
at ambient temperature for 12 hours. After removing the catalyst by filtration through Celite, 
the filtrate was concentrated under reduced pressure to give a yellow oil. The oil was 
dissolved in methanol (20mL) and treated with a 0.5M solution of sodium methoxide in 
10 methanol (8mL). After stirring at ambient temperature for 4 hrs. the mixture was diluted with 
water (lOOmL) and extracted with ethyl acetate (2 x 50mL). The combined extracts were 
washed with water (2x50mL) and brine (50mL), dried (MgS0 4 ) and evaporated under reduced 
pressure to give a white solid (528mg, 59%) 

1 HNMR1.4(s,9H); 3.1(m,2H); 4.3 (m, 1H); 7.0(bd,lH); 7.2 (m, 2H); 8.1 (t, 1H); 
15 10.26 (s, 1H); MS m/z 208. 



Method 27 

M^h vl2-r^rt-b"tnvvr. a rhonvna ^ i""l-^-^"itroPvridin-2-vl)acrylate 




? 



Methyl [(tert-butoxycarbonyl)annno](dimethoxyphosphoryl)acetate (1.33g , 4.46 
mmol) was dissolved in dry THF (20mL) and cooled to -78°C under nitrogen. 
Tetramethylguanidine (490mg, 4.26 mmol) was added and the solution stirred at -78°C for 
a further 10 mins. . A solution of 3-nitropyridine-2-carbaldehyde (Tetrahedron vol .54 (1998) 
25 p 6311) (618mg, 4.06 mmol) in dry THF (5mL.) was added drop wise. After stirring the 
solution for 2 hours, at -78°C (50mL) it was diluted with water (150mL) and extracted with 
ethyl acetate . The combined extracts were washed with water (2 x 20mL) and brine (20mL), 
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dried (MgS04> and evaporated under reduced pressure to give a yellow oil, which was 
purified by column chromatography (DCM) to give the title compound as a 4: 1 mixture of Z/E 
isomers (l.lg, 84%), 

*H NMR 1.4 (s, 1L25H); 3.6 (s, 0.75H); 3.8 (s, 3H); 6.7 (s, 1H); 6.9 (s, 0.25H); 7.45 (m, 
5 0.25H), 7.6 (m, 1H); 8.37 (d, 0.25H); 8.5 (d, 1H); 8.7 (d, 0.25H); 8.9 (d, 1H); 9.8 (s, 0.25H); 
10.3 (s, 1H); MS m/z 322 

Method 28 

S-Amino-S^-dihvdro-U-naphthyridin^Qffl-one 



te/t-Butyl (2-oxo-l,2,3,4-tetrahydro-l,7-naphthyridine-3-yl)carbamate (Method 29, 
284mg) was dissolved in DCM (lOmL) and treated with trifluoroacetic acid (5mL). After 
stirring at ambient temperature for 1 hour the reaction mixture was evaporated under reduced 
pressure and the residue triturated with ether (20mL), to give a light brown solid which was 
15 collected by filtration, washed with ether and dried to give the tide compound (346mg, 
82%)as a bis trifluroacetate salt. 

'H NMR 3.2 (m, 2H); 4.3 (m, 1H), 7.4 (d, 1H); 8.2 (s, 1H); 8.25 (d, 1H); 8.6 (b, 3H); 11.0 (s, 
1H) 

20 Method 29 

ferr-Butvl (2-oxo- 1 ,2,3 ,4-tetrahvdro- 1 ,7-naphth vridine-3-vDcarbamate 



Methyl 2-[(re/t-butoxycarbonyl)amino]-3-(3ni1ropyridin-4-yl)acrylate (10:1 mixture of 
Z/E isomers) (Method 30,1.57g ,4.83mmol) was dissolved in ethanol and 10% palladium 
25 on carbon catalyst (250mg) was added. The mixture was stirred under 1 atmosphere of 

hydrogen at ambient temperature for 6 hours. After removing the catalyst by filtration through 
Celite the filtrate was concentrated under reduced pressure to give a yellow oil which was 



10 





H 
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purified by column chromatography (Eluent DCM / MeOH gradient 0-10%) to give the title 
compound (284mg, 22%). 

'HNMR 1.4 (s, 9H); 3.0 (m, 2H); 4.2 (m, 1H); 7.0 (d , 1H); 7.2 (d,lH); 8.1 (m, 2H); 10.36 (s, 
lH);MSm/z264. 

5 

Method 30 

*yr»tK Y 1_9 ^{f*r 1 ihnt n xvc^ ^ 

N0 2 



Methyl [(tert-butoxycarbonyl)amino](dimethoxyphosphoryl)acetate (1.73g, 5.82 

10 mmol)wasmssolvedindtyTHF(20mL)^^ 

Tetramethylguanidine (638mg., 5.55 mmol) was added and the solution stirred at -78°C for a 
further 10 mins. A solution of 3-nitroisonicotinaldehyde (Method 31, 804mg, 5.29mmol) in 
dry THF (5mL) was added dropwise. The resulting deep red solution was stirred for 2hrs. at - 
78°C, then poured into a mixture of ethyl acetate (lOOmL) and water (50mL). The organic 

15 layer was separated, washed with water (2 x 50mL) and brine (25mL), dried (MgS0 4 ) and 
evaporated under reduced pressure to give a yellow oil, which was purified by column 
chromatography (EtOAc: tohexane 1:1) to give the title compound as a 10:1 mixture of Z/E 
isomers (1.57g, 92%). 

'HNMR 1.3 (s, 9H); 1.4 (s, 0.9H); 3.55 (s, 0.3H); 3.8 (s, 3H); 6.6 (s, 0.1H); 7.2 (s, 1H); 
20 7.25(d, 0.1H); 7.5 (d, 1H); 8.75 (d, 0.1H); 8.8 (s, 1.1H); 8.85 (d, 1H); 9.2 (s, 0.1H); 9.25 (s, 
1H); MS m/z 322. 



Method 31 

3-Nitroisorii^tinaldehvde 



25 
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4-Methyl-nitropyridine (1.43g, 10.36mmol) was dissolved in dry DMF (5mL) and 
dimethylfoimamide dimethyl acetal (2.0g, 16.8mmol) was added. The mixture was heated 
under nitrogen at 140°C for 2 hours and then evaporated under reduced pressure to give (£)- 
iV^-dimethyl^-CS-nitropyridin^yOethyleneainine as a dark red solid. This was added in one 
5 portion at ambient temperature to a stirred solution of sodium periodate (6.61g, 3 lmmol) in 
THF/ Water 1:1 (lOOmL). After stirring for 2hr at ambient temperature the reaction mixture 
was filtered and the solid washed with ethyl acetate (lOOmL). The washings were combined 
with the filtrate and organic layer separated. The aqueous was extracted with ethyl acetate (2 x 
lOOmL) and the combined organic layers were washed with saturated aqueous sodium 
10 bicarbonate (lOOmL) and brine (lOOmL), dried (MgS0 4 ) and evaporated under reduced 

pressure to give a brown solid which was purified by column chromatography (DCM) to give 

the title compound. (960mg, 61%). 

l K NMR 7.8 (d, 1H); 9.15 (d, 1H); 9.4(8, 1H); 10.4 (s, 1H) 



20 



25 



30 
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Claims 

1 . A compound of formula (1): 




wherein: 

is a single or double bond; 
XisNorCH; 

R 4 and R 5 together are either -S-C(R 6 )=C(R 7 )- or -C(R 7 )=C(R 6 )-S- ; 

6 7 

10 R andR are independently selected from hydrogen, halo, nitro, cyano, hydroxy, 
fluoromethyl, difluoromethyl, trifluoromethyl, trifluoromethoxy, carboxy, carbamoyl, 
Q^alkyl, C^alkenyl, C 2 -4alkynyl, C M alkoxy and C M alkanoyl; 
A is phenylene or heteroarylene; 
n is 0, 1 or 2; 

15 R 1 is independently selected from halo, nitro, cyano, hydroxy, carboxy, carbamoyl, 

iV-C M alkylcarbamoyl, W,A^(C M alkyl) 2 carbamoyl, sulphamoyl, A^C w alkylsulphamoyl, NjN- 
(C^alkyOasulphamoyl, -S(0) b Ci^alkyl (wherein b is 0, 1, or 2), C^alkyl, C^alkenyl, C 2 . 
4 alkynyl, C M alkoxy, CMalkanoyl, Ci^alkanoyloxy, hydroxyC M alkyl, fluoromethyl, 
difluoromethyl, trifluoromethyl and trifluoromethoxy; 

20 or, when n is 2, the two R 1 groups, together with the carbon atoms of A to which they are 
attached, may form a 4 to 7 membered ring, optionally containing 1 or 2 heteroatoms 
independently selected from O, S and N, and optionally being substituted by one or two 
methyl groups; 

R 2 is hydrogen, hydroxy or carboxy; 
25 R 3 is selected from hydrogen, hydroxy, C^alkoxy, CMalkanoyl, carbamoyl, C 3 . 7 cycloalkyl 
(optionally substituted with 1 or 2 hydroxy groups), cyano(Ci-4)alkyl, aryl, heterocyclyl, Q. 
4 alkyl (optionally substituted by 1 or 2 R 8 groups), and 
groups of the formulae B and B': 
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-(CH^ 

jV-Ou 

Uv ^(OH) y 




o 



(B) (B') 
wherein y is 0 or 1, t is 0, 1, 2 or 3 and u is 1 or 2; provided that the hydroxy group is not a 
substituent on the ring carbon adjacent to the ring oxygen; 

5 R s ista dependentlyselected^ 

5- and 6-membered cyclic acetals and mono- and di-methyl derivatives thereof, aryl, 
heterocyclyl, C 3 . 7 cycloal]cyl, C^alkanoyl, Cwdtay. C^alkyWV (wherein b is 0, 1 or 
2), C 3 ^cycloalkylS(0) b - (wherein b is 0, 1 or 2), arylS(0) b - (wherein b is 0, 1 or 2), 
heterocyclylS(0) b - (wherein b is 0, 1 or 2), benzylS(0) b - (wherein b is 0, 1 or 2), 

10 -N(OH)CHO, -C(=N-OH)NH 2 , 

-C(=N-OH)NHC M alkyl ( -C(=N-OH)N(CMalkyl) 2 , -C(=N-OH)NHC 3 ^cycloalkyl, -C(=N- 
OIDN^cycloalkylX, -COCOOR 9 , -C^N^ 9 )^ 10 ), -NHC(0)R 9 , 
-C^NHSO^Q.alkyl), -NHSO2R 9 , (R 9 )(R 10 )NSO 2 - ( -COCH.OR 11 , (R 9 )(R 10 )N- and 

-COOR 9 ; 

15 R 9 and R 10 are independently selected from hydrogen, hydroxy, Cwalkyl (optionally 

substituted by 1 or 2 R 13 ), C 3 . 7 cycloalkyl (optionally substituted by 1 or 2 hydroxy groups ), 
C yano(C w )alkyl, trihalo(CM)alkyl, aryl, heterocyclyl and heterocyclyl(CMalkyl); or 

R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 6- 
membered ring where the ring is optionally substituted on carbon by 1 or 2 substituents 
20 independently selected from oxo, hydroxy, carboxy, halo, nitro, cyano, carbonyl, 

C^alkoxy and heterocyclyl; or the ring may be optionally substituted on two adjacent carbons 
by -0-CH 2 -0- to form a cyclic acetal wherein one or both of the hydrogens of the -0-CH 2 -0- 
group may be replaced by a methyl; 

R 13 is selected from hydroxy, halo, trihalomethyl and Ci^alkoxy; 
25 R 11 is independently selected from hydrogen, C^aUcyl and hydroxyC w alkyl; 

or a pharmaceutical^ acceptable salt or pro-drug thereof; 
with the proviso that the compound of formula (1) is not: 
(i) 2 ,3-dicmoro-5-[JH2-oxo-l^ 
b]pyrrole; 
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(ii) 2-chloro-5-[A^2-oxo-l,2,3,4-tet^ 
6]pyrrole; or 

(iii) 2-chloro-5-[#-(lHtne%l-2-oxo^^^ 
thieno[2,3-2>]pyrrole. 

5 

2. A compound of the formula (1) as claimed in claim 1 ; wherein 
R 3 is selected from hydrogen, hydroxy, Ci^alkoxy, 

Ci^alkanoyl, carbamoyl, C 3 . 7 cycloalkyl (optionally substituted with 1 or 2 hydroxy groups, 
cyano(Ci^)alkyl, morpholino, morpholinyl, piperidino, piperidyl, pyridyl, pyranyl, pyrrolyl, 

10 imidazolyl, thiazolyl, thienyl, thiadiazolyl, piperazinyl, isothiazolidinyl, 1,3,4-triazolyl, 
tetrazolyl, pyrrolidinyl, thiomorpholino, pyrrolinyl, homopiperazinyl, 3,5-dioxapiperidinyl, 
pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, pyrazolinyl, isoxazolyl, 4-oxopydridyl, 2- 
oxopyrrolidyl, 4-oxothiazolidyl, fiiryl, thienyl, oxazolyl, 1,3,4-oxadiazolyl, and 1,2,4- 
oxadiazolyl, tetrahydrothiopyranyl, 1-oxotetrahydrothiopyranyl, 1,1- 

15 dioxotetrahydrothiopyranyl and Ci^alkyl (optionally substituted by 1 or 2 R 8 groups); 

R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl (optionally 
substituted by 1 or 2 R 13 groups), C 3 . 7 cycloallcyl (optionally substituted by 1 or 2 hydroxy 
groups), cyano(C M )alkyl, trihalo C^alkyl, aryl, heterocyclyl and heterocyclyl(Ci^alkyl); 
or 

20 R 9 and R 10 together with the nitrogen to which they are attached fonn a 4- to 6-membered ring 
where the ring is optionally substituted on carbon by 1 or 2 substituents selected from oxo, 
hydroxy, carboxy, halo, nitro, cyano, carbonyl and C M alkoxy, or the ring may be optionally 
substituted on two adjacent carbons by-0-CH 2 -0- to form a cyclic acetal wherein one or 
both of the hydrogens of the -0-CH 2 -0- group may be replaced by a methyl; 

25 R 8 is independently selected from hydroxy, CMalkoxyCi^alkoxy, hydroxyC^alkoxy, 

5- and 6-membered cyclic acetals and mono- and di-methyl derivatives thereof, aryl, 
heterocyclyl, C 3 _ 7 cycloalkyl, Ci^alkanoyl, C^alkoxy, 

Ci. 4 alkylS(0) b - (wherein b is 0, 1 or 2), C 3 -6cycloalkylS(0) b - (wherein b is 0, 1 or 2), 
arylS(Oy (wherein b is 0, 1 or 2), heterocyclylS(0) b - (wheiein b is 0, 1 or 2), benzylS(0) b - 
30 (wherein b is 0, 1 or 2), -N(OH)CHO, -C(=N-OH)NH 2 , 

-C(=N-OH)NHC M alkyl, -C(=N-OH)N(C M alkyl) 2 , , -C(=N-OH)NHC 3 . 6 cycloalkyl, -C(=N- 
OH)N(C 3 . 6 cycloalkyl) 2 , -COCOOR 9 , -C(0)N(R 9 )(R 10 ), -NHC(0)R 9 , 
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-C(0)NHS0 2 (C M alkyl) f -NHSO^ 9 , (R 9 )(R 10 )NSO 2 -, -COCH 2 OR n , (R 9 )(R 10 )N- and 
-COOR 9 ; 

R 13 is selected from hydroxy, halo, trifluoromethyl and Ci^alkoxy; 
R 11 is selected from hydrogen, C^alkyl and hydroxyC^alkyl. 
5 or a pharmaceutical^ acceptable salt or in- vivo hydrolysable ester thereof; 
provided that the compound of formula (1) is not: 

(i) 2,3-dicWoro-5-[AK2-oxo-l,2,3,4-te^ 
&]pyirole; 

(ii) 2-chloro-5-[iV-(2-oxo-l,2,3^ 
10 &]pyrrole; or 

(iii) 2-chloro-5-[AKl-me%l-2-oxo-l,23^ 
thieno[2,3-i]pyrrole. 

3. A compound of the formula (1) as claimed in claim 1 or claim 2, wherein 
15 R 3 is selected from cyanoC M alkyl and Ci^alkyl (optionally substituted by 1 or 2 of R 8 

groups); 

R 8 is independently selected from hydroxy, phenyl, 2,2-dimethyl-l,3-dioxolan-4-yl; 
2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5~yl, 1,2,4-oxadiazolyl, 1,3,4- 
oxadiazolyl, triazolyl, tetrazolyl, imidazolyl, pyrrolidinyl, piperidyl, tetrahydrofuryl, 

20 tetrahydropyranyl, tetrahydrothiopyranyl and tetrahydrothienyl, C^alkoxy, Ci^alkanoyl, Q_ 
4 alkylS(0) b - (wherein b is 0, 1 or 2), -C(0)N(R 9 )(R 10 ), -COOR 9 , -C(0)NHS0 2 Me, -C(=N- 
OH)NH 2 , -C(=N-OH)NHC 1 . 4 alkyl, -C(=N-OH)N(C M alkyl) 2 and -NHS0 2 R 9 ; 

R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl optionally 
substituted with R 13 (wherein R 13 is C^alkoxy or hydroxy); or 

25 R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 

6-membered ring where the ring may be optionally substituted on carbon by 1 or 2 hydroxy 
groups or caiboxy groups), or the ring may be optionally substituted on two adjacent carbons 
by -0-CH 2 -0- to form a cyclic acetal wherein one or both of the hydrogens of the -0-CH 2 - 
O- group may be replaced by a methyl. 

30 or a pharmaceutically acceptable salt or in-vivo hydrolysable ester thereof; 
provided that the compound of formula (1) is not: 



/ 
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2-cmoro-5-[iV-(l-methyl"2-oxo-l,23,4-tetrahydroquinol-3^ 
ijpyrrole. 



4. A compound of the formula (1) as claimed any preceding claim, wherein 
5 R is selected from cyanoC M alkyl and CMalkyl (optionally substituted by 1 or 2 R 8 

groups); 

R is independently selected from hydroxy, 2,2-dimethyl-l,3-dioxolan-4-yl, 1,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, tetrazolyl, Q^alkoxy, C M alkanoyl, C^alkylS(OV (wherein 
b is 0, 1 or 2), -C^N^ 9 )^ 10 ), -COOR 9 , -C(O)NHS0 2 Me, -C(=N-OH)NH 2 ; 

10 R 9 and R 10 are independently selected from hydrogen, hydroxy, C M alkyl optionally 

substituted with R 13 (wherein R 13 is Ci. 4 alkoxy or hydroxy); or 

R 9 and R 10 together with the nitrogen to which they are attached form a 4- to 
6-membered ring selected from piperidine, 4-hydroxy piperidine, pyrrolidine, 
3,4-dihydroxypyrrolidine and the dimethylacetal of 3,4-dihydroxypyrrolidine. 

15 or a phannaceutically acceptable salt or in- vivo hydrolysable ester thereof; 
provided that the compound of formula (1) is not: 

2-cUoro-5-[AKl-me%l-2-oxo-l,23 
6]pyrrole. 

20 5. A compound of the formula (1) as claimed any preceding claim, wherein 

R 4 and R 5 together are -S-C(R 6 )=C(R 7 )- or a pharmaceutical^ acceptable salt or in-vivo 
hydrolysable ester thereof. 

6. A compound of the formula (1) as claimed in claims 1 to 5, wherein 

25 R 4 and R 5 together are -C(R 7 )=C(R 6 )-S- or a phannaceutically acceptable salt or in-vivo 
hydrolysable ester thereof. 

7. A compound of the formula (1) as claimed any preceding claim, wherein X is CH, or a 
phannaceutically acceptable salt or in-vivo hydrolysable ester thereof. 

30 

8. A compound of the formula (1) as claimed in any one of claims 1 to 6, wherein X is N, 
or a phannaceutically acceptable salt or in-vivo hydrolysable ester thereof. 
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9. A compound of the formula (1) as claimed any preceding claim, wherein A is 
phenylene, or a pharmaceutical^ acceptable salt or in-vivo hydrolysable ester thereof. 

10. A compound of the formula (1) as claimed in any one of claims 1 to 8, wherein A is 
5 heteroarylene, or a pharmaceutical^ acceptable salt or in-vivo hydrolysable ester thereof. 

11. A compound of the formula (1) as claimed any preceding claim, wherein rTT " r is a 
single bond, or a pharmaceutical^ acceptable salt or in-vivo hydrolysable ester thereof. ' 

10 12. A compound of the formula (1) as claimed in claim 1, which is any one of: 
2-cMoro-7\^[l-(methoxycarbonyta 
thieno[2,3-&]pyrrole-5-carboxamide; 

iV^[l-(carboxymethyl)-2-oxo-l,2,3,4-tetrahydroquinoUn-3-^ 
&]pyrrole-5-carboxamide; 

15 2-chloro-iV-[l-(carbamoylmethyl)-2-oxo-l ,2,3,4-tetrahydroquinoUn-3-yl]-6ff-thieno[2,3- 
fc]pyirole-5-carboxamide; 

2-chloro-iHl-(iV,;V-d^ 
thieno[2,3-Z>]pyrrole-5-carboxamide; 

2-chloro-iV-tl-(^-methylcarbamoylmethyl)-2-oxo-l ,2,3,4-tetrahydroquinolin-3-yl]- 6H- 
20 thieno[2,3-i]pyirole-5-carboxamide; 

2-chloro-7HHA L hyd^ 
thieno[2,3-&]pyrroIe-5-carboxamide; 

2-cMoro-AT-{ l-[AK2-hydroxye 
6#-thieno[2,3-&]pyrrole-5-carboxamide; 
25 2-chloro-Aqi-(2-hyd^ 
&]pyrrol-5-ylcarboxamide; 

2-cMoro-iV-[l-(2,3-dihydroxypropyl)-2-oxo-l,2,3,4-tetrahy^^ 
6]pyrrole-5-carboxamide; 

2-cMoro^-{l-[(2,2-dimethyl-l,3-dioxolan-4(5)-yl)methyy 
30 3C^,5)-yl}-6//-thieno[2,3-6]pyrrole-5-carboxamide; 
2-cMoro-Aqi-(2(S),3-dihyta 
thieno[2,3-6]pyrrole-5-carboxamide; 
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2-cMoro-Aqi-(2,2-dmethyl-l,3-dto 
3(R,S)-y\]-6H-lhicno[2,3-b]pyrrole-5-caiboxiamde 
2<Moro-Aqi-(2(/?)^-dihydroxypropyl)-2-o^^ 
thieno[2,3-&]pyrrole-5-carboxamide; 
5 2-cWoro-iV-{H2-(4-hydroxypiperidi^ 
yl}-6J?-thieno[2,3-i>]pyrrole-5-carboxamide; 

2-cWoro-^-{l-[iV-(13-(lihydroxyprop-2-yl)carbamoylmethyl]-2-oxo-l,2,3,4- 
tetrahydroquinoMn-3-yl}-6ff-thieno[2,3-*]pyrrole-5-carboxamide; 

2-cmoro-^{l-[^-(2-Methoxyethyl)carbamoylme%l]-2-oxo-l,2,3,4-tetrahydroquino]in-3- 
10 yl}-6H-thieno[2,3-i]pyrrole-5-carboxamide; 
2-chloro-W-(l-{2-[(3a,6a-cw)-2,2-dime^ 
oxoethyl}-2-oxo-l,2^/MetrahydroquM^ 

2-cUoro-iV-(l-{2-[(OT)-3 J 4-DmydroxypyiroUdin-l-yl]-2-oxoethyl}-2-oxo-l,2 ) 3,4- 
tetrahydroquinobn-3-yl)-6iy-thieno[2,3-ib]pyirole-5-carboxamide; 

15 2-cWoro-iV-{l-[2-(dimethylamino)ethyl]-2-oxo-l,23,4-teti^ydroqmnolin-3-yl}-6if- 
thieno[2,3-6]pyrrole-5-carboxamide; 

2-chloro-iV-{l-[(2 ) 2-dimethy]-l,3-dioxan-5-yl)methyl]-2-oxo-l,2,3 ( 4-tetrahydroquinoU^ 
yl}-6ff-thieno[2,3-6]pyrrole-5-carboxamide; 

2- cNoro-tf-{l-[3-hydroxy-2-(hydrox^ 
20 6ff-thieno[2,3-fc]pyrrole-5-carboxamide; 

2,3-dichloro-iV-{ l-[(2,2-dimethyl-l ,3-dioxan-5-yl)methyI]-2-oxo-l ,2,3,4-tetrahydroquinolin- 

3- yl}-4i/-thieno[3,2-i]pyrTole-5-caiboxamide; 

2,3-dicmoro-iV-{l-[3-hydroxy-2-(hydroxymethyl)propyl]-2-oxo-l,23,4-tetrahy^ 
yl}-4fl-thieno[3,2-%yrrole-5-carboxamide; 

25 2-chloro-iV-(l-{2-[(23^ydroxypropyl)amino]-2-oxoethyl}-2-oxo-l,2,3,4- 
tetrahydroquinoUn-3-yl)-6^-thieno[2,3-6]pym)le-5-carboxainide; 
2-chloio-tf-{l-[2-(methoxy)ethy^^ 
6]pyiTo]e-5-carboxamide; 

2-cMoro-JV-[l-( C yanomethyl)-2-oxo-l^^ 
30 5-carboxamide; 

2-cMoro-iV-{l-[(3-me%l-l,2,4-oxadiazol-5-yl)methyl]-2-oxo-l ) 23,4-tetrahydroquinolin-3- 
yl}-6 J ff-thieno[2,3-6]pyrrole-5-carboxamide; 
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2-cMoro-jV-[2-oxo-l-(lff-tefra^ 
6]pyrrole-5-carboxamide; 

2-cWoro-AT-(l-{2-[(methylsulphonyl)amino]-2-oxoethyl}-2-oxo-l,23,4-tetrahy^ 
yl)-6fl-thieno[2,3-6]pyrrole-5-carboxamide; 
5 W-{l-[(2Z)-2-an±io-2-(hydroxyiiii™ 
6jy-thieno[2,3-6]pynole-5-carboxamide; 

2-chloro-A^-{2-ox(>l-[(5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl)methyl]-l,2 ) 3,4- 
tetrahydroquinolk-3-yl}-6^-thieno[2,3-6]pyiTole-5-carboxamide; 

^-{l-[(5-amino-13 ( 4-oxadiazol-2-yl)methyl]-2-oxo-l,2,3,4-tetrahydroquinoli^ 
10 chloro-6fl r -thieno[2 > 3-&3pyrrole-5-carboxaiQide; 
2-cMoro-AK l-[2-(methylttoo^ 
i]pyrrole-5-carboxamide; 

2-cmorD-Ar-{i-[2-(methylsuMnyl)ethyl]-2-oxo-l,2 > 3 ) 4-tetrahydtoquinolin-3-yl}-6H- 
tbieno[2,3-6]pytrole-5-carboxamide; 
15 2-chloro-AMl-[2-(methykulfo^ 
thieno[2,3-6]pyrrole-5-carboxamide; 

2,3-dichloro-^-[l-(methoxycarbonylme%l)-2-oxo-l,2,3,4-tetrahydtoquinoUn-3-yy 
thieno [3 ,2-6]pyrrole-5-carboxamide; 

A4Hcarboxyme%l)-2-oxo-l,23,4-te^ 

20 6]pyrrole-5-carboxami(Ie; 

2 3^cNoro-tf-[l-(2-hydroxye%l)-2^^ 

&]pyirole-5-carboxamide; 

23-dichloro-^-A-[(2/?)-23-dihydroxypropyl]-2-oxo-l,23 ( 4-tetrahydroqu^ 
thieno [3 ,2-6]pyrrole-5-carboxamide; 

25 2-chloro-iH H3^dimethylainino)-2-hycfrox^^ }- 

6H-thieno[2,3-6]pyrrole-5-carboxamide; 

2-cMoro-;H2-oxo-l-[(2-oxo-l>taan-5^ 
thieno[2,3-fe]pyrrole-5-carboxamide; 

2-cMoro-tf-[l-(3-hydroxypropyl)-2-oxo 
30 £3pynx)le-5-carboxamide; 

2-cMoro-iH l-[3-(me%lamino)-3^ 
thieno[2,3-Z>]pyrrole-5-carboxamide; 
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2-chloro-tf-[2-oxo-l-(2-oxoburyl)-l,2,3,4-te^^ 
carboxamide; 

2-cMoro-Aqi-(2-hydroxybutyl)-2-oxo-l,2,3,4-tetr^ 
b]pyrrole-5-carboxamide; 
5 2,3-mchloro-.Aq(6,S)-7-oxo-5,6,7,8-tetrahydra 
£]pyrrole-5-carboxamide; 

2,3-dicMoro-iVX2oxo-l,2,3,4-tetrahy<fro-l^ 
carboxamide; 

2-cMoro-AH2-oxo-l,2,3,4-tetrahydro-l,7-naphmy^ 
10 carboxamide; 

#-(6-fluoro-l,2,3,4-tetrahydroqumoIm^^ 

tf-(6-methoxy- 1 ,2,3,4-tetrahydroqumoHn-3-yl)-6i^^ 

or a pharmaceutical^ acceptable salt or an in-vivo hydrolysable ester thereof. 

15 13. A pharmaceutical composition which comprises a compound of the formula (1), or a 
pharmaceutical^ acceptable salt or in-vivo hydrolysable ester thereof, as claimed in any one 
of claims 1 to 12 in association with a pharmaceutically-acceptable diluent or carrier. 

14. A compound of the formula (1), or a pharmaceutical^ acceptable salt or in-vivo 
20 hydrolysable ester thereof, as claimed in any one of claims 1 to 12, for use in a method of 

treatment of a warm-blooded animal such as man by therapy. 

15. A compound of the formula (1), or a pharmaceutically acceptable salt or in-vivo 
hydrolysable ester thereof, as claimed in any one of claims 1 to 12, for use as a medicament. 

25 

16. A compound of the formula (1), or a pharmaceutically acceptable salt or in-vivo 
hydrolysable ester thereof, as claimed in any one of claims 1 to 12, for use as a medicament in 
the treatment of type 2 diabetes, insulin resistance, syndrome X, hyperinsulinaemia, 
hyperglucagonaemia, cardiac ischaemia or obesity in a warm-blooded animal such as man. 

30 

17. The use of a compound of the formula (1), or a pharmaceutically acceptable salt or in- 
vivo hydrolysable ester thereof, as claimed in any one of claims 1 to 12, in the manufacture of 
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a medicament for use in the treatment of type 2 diabetes, insulin resistance, syndrome X, 
hyperinsulinaemia, hyperglucagonaemia, cardiac ischaemia or obesity in a warm-blooded 
animal such as man. 

18. The use of a compound of the formula (1), or a pharmaceutical^ acceptable salt or in- 
vivo hydrolysable ester thereof, as claimed in any one of claims 1 to 12, in the manufacture of 
a medicament for use in the treatment of type 2 diabetes in a warm-blooded animal such as 
man. 



10 19. A process for the preparation of a compound of formula (1) as claimed in claim 1 , 
which process comprises: 

reacting an acid of the formula (2): 




(2) 

15 or an activated derivative thereof; with an amine of formula (3): 




and thereafter if necessary: 

i) converting a compound of the formula (1) into another compound of the formula (1); 
20 ii) removing any protecting groups; 

iii) forming a pharmaceutically acceptable salt or in vivo hydrolysable ester. 
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